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ABSTRACT
The widespread use of surgical masks has prompted concern over their physiological effects 
during exercise, particularly with scarce data from South Asia; this randomized crossover study 
therefore evaluated 80 healthy young adults in Nepal performing six-minute walk tests with and 
without a surgical mask, finding that mask use significantly reduced walking distance (537.9 ± 
24.9 m vs. 564.8 ± 22.3 m; p <0.001) and post-exercise oxygen saturation (95.8 ± 1.6% vs. 98.1 ± 
0.8%; p <0.001), significantly decreased post-exercise pulmonary function (FVC and FEV1; both p 
<0.01), and led to significantly higher post-exercise heart rate and systolic blood pressure (both 
p <0.01), indicating a small but measurable physiological burden during light exercise which, 
while tolerable for healthy young adults, highlights a need for caution and further study in 
vulnerable populations with cardiorespiratory conditions. 
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INTRODUCTION
The use of facial masks became widespread 
during the COVID-19 pandemic and remains 
common in areas with high ambient air pollution. 
Surgical masks, cloth masks, and respirators are 
widely used to reduce exposure to respiratory 
pathogens and airborne particles, contributing 
to individual and public health protection.1-3 

Despite these advantages, concerns persist 
regarding potential physiological burdens of 
mask use during physical activity. Masks may 
increase breathing resistance, alter ventilation, 
and modestly affect gas exchange,4-6 which, 
although often clinically insignificant in 
healthy adults, can influence exercise tolerance 
and cardiopulmonary responses.

The six-minute walk test (6MWT), a standardized 
submaximal exercise test recommended by the 
American Thoracic Society (ATS).7 is widely 
used to evaluate functional capacity and detect 
subtle physiological changes. Prior studies on 
mask use during exercise show mixed findings: 
some report negligible effects.8-10 while others 
note reductions in ventilation, expiratory 
volumes, and oxygen saturation, particularly 
with respirators.11-13

In Nepal, the issue is highly relevant. Masks 
are used not only for infection control but 
also to mitigate exposure to severe urban air 
pollution. Concurrently, the country faces an 
increasing burden of cardiovascular disease 
and chronic respiratory illness associated with 
environmental and lifestyle factors.14,15 For such 
populations, even minor physiological changes 
from mask use may have clinical implications, 
yet regional evidence is limited.

Understanding the physiological effects of 
mask use in healthy individuals is important to 
establish a baseline for interpreting functional 
test results and guiding clinical practice. 
Existing evidence suggests that while mask 
use may produce measurable physiological 
changes, these effects are generally small and 
well tolerated in healthy populations.16–18

Accordingly, this study aimed to assess the 
impact of surgical mask use on pulmonary 
function, oxygen saturation, cardiovascular 
parameters, and exercise performance during 
the 6MWT in healthy young adults, providing 
locally relevant data for clinical and public 
health contexts. 

MATERIALS AND METHODS
Study design and participants: This randomized 
crossover study was conducted at Nepalgunj 
Medical College among 80 healthy volunteers 

(40 males, 40 females) aged 20–30 years, 
following approval by the Institutional Review 
Committee of Nepalgunj Medical College 
Teaching Hospital (Ref.: 18/081-082) and 
conducted in accordance with the Declaration 
of Helsinki. The study was conducted between 
August and December 2024. Each participant 
performed two six-minute walk test (6MWT) 
sessions: one without a mask and one while 
wearing a standard surgical mask, with the 
order randomized to counterbalance potential 
carryover effects. Sessions were scheduled at 
least 24 hours apart. Exclusion criteria included 
a history of cardiopulmonary disease, recent 
respiratory infection, or any musculoskeletal 
condition that could compromise walking 
performance.

Sample size: The required sample size was 
calculated using the formula described by 
Al‑Metha et al.19 for a finite population. Based 
on a source population of 100 first‑year MBBS 
students, an assumed clinically meaningful 
difference in the 6‑minute walk distance of 30 m, 
80% power, and an alpha of 0.05, the minimum 
sample was estimated at 80 participants, which 
was adopted as the final study size.

Measurements: The following parameters were 
assessed:
•	 Demographics: age, sex, and body mass 

index (BMI) were recorded.
•	 Pulmonary function: Forced vital capacity 

(FVC) and forced expiratory volume in 
1 second (FEV₁) were measured using 
standard spirometry, following ATS and 
ERS recommendations.20,21

•	 Oxygenation and cardiovascular 
parameters: Oxygen saturation (SpO₂) 
and heart rate (HR) were measured using 
a portable pulse oximeter, while blood 
pressure (BP) was measured with a manual 
sphygmomanometer.

•	 Exercise capacity: Functional capacity was 
assessed by the total distance walked in the 
6MWT, following ATS guidelines.7

Statistical analysis: Continuous variables were 
summarized as mean ± standard deviation 
(SD). Paired t-tests were applied for normally 
distributed data, while the Wilcoxon signed-
rank test was used for non-normally distributed 
data. Statistical significance was set at p <0.05. 
Analyses were performed using SPSS.

RESULTS
Participant characteristics: All 80 participants 
completed both masked and unmasked 6MWT 
sessions. The mean age was 24.6 ± 2.8 years, 
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Table 1: Key outcomes with and without mask use
Parameter No mask (Mean ± SD) Mask (Mean ± SD) p-value
6MWT distance (m) 564.8 ± 22.3 537.9 ± 24.9 <0.001
SpO₂ post-exercise (%) 98.1 ± 0.8 95.8 ± 1.6 <0.001
FVC (L) 4.35 ± 0.42 4.12 ± 0.45 <0.01
FEV₁ (L) 3.57 ± 0.34 3.32 ± 0.36 <0.01
Post-exercise HR (bpm) 104 ± 11 110 ± 12 <0.01
Post-exercise SBP (mmHg) 126 ± 11 132 ± 12 <0.01

Fig. 2: Bar chart illustrating pulmonary function 
(FVC and FEV₁) with and without mask.

Fig. 1: Bar chart showing 6MWT distance and post-
exercise SpO₂ with and without mask.
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and the mean BMI was 23.2 ± 2.1 kg/m², with 
equal representation of males and females.

Exercise performance and oxygenation: Wearing 
a surgical mask significantly reduced 6MWT 
distance compared to the unmasked condition 
(537.9 ± 24.9 m vs 564.8 ± 22.3 m, p <0.001). 
Post-exercise oxygen saturation (SpO₂) also 
declined from 98.1 ± 0.8% (no mask) to 95.8 
± 1.6% (mask, p <0.001), indicating a modest 
reduction in functional exercise capacity and 
oxygenation.

Pulmonary function: Pulmonary function 
measurements showed slight reductions with 
mask use. Forced vital capacity (FVC) decreased 
from 4.35 ± 0.42 L without a mask to 4.12 ± 
0.45 L with a mask (p <0.01). Forced expiratory 
volume in 1 second (FEV₁) decreased from 3.57 
± 0.34 L to 3.32 ± 0.36 L with mask use (p < 0.01), 
suggesting minor ventilatory limitation during 
masked exercise.

Cardiovascular parameters: Resting heart rate 
(HR) and blood pressure (BP) were similar 
between conditions. Post-exercise HR increased 
modestly with mask use (110 ± 12 bpm vs 104 ± 
11 bpm, p <0.01), and post-exercise systolic BP 
was slightly higher (132 ± 12 mmHg vs 126 ± 11 
mmHg, p <0.01). These findings indicate mild 
cardiovascular responses to the additional 
respiratory load of mask use.

Summary of key outcomes: Table 1 summarizes 
all physiological and performance outcomes 
for masked versus unmasked 6MWT sessions.

DISCUSSION
This study confirms that wearing surgical 
masks during the six-minute walk test (6MWT) 
leads to small but measurable physiological 
changes in healthy young adults. In our cohort 
of 80 participants, mask use was associated 
with a statistically significant reduction in 
walking distance (from 564.8 ± 22.3 m to 
537.9 ± 24.9 m; p <0.001) and a decline in 
post-exercise SpO₂ (from 98.1 ± 0.8% to 95.8 ± 
1.6%; p <0.001). Pulmonary function showed 
modest decreases (FVC from 4.35 ± 0.42 L to 
4.12 ± 0.45 L, p <0.01; FEV₁ from 3.57 ± 0.34 L 
to 3.32 ± 0.36 L, p <0.01), and cardiovascular 
parameters (heart rate, systolic blood pressure) 
rose slightly post-exercise (HR: 104 ± 11 → 110 
± 12 bpm; SBP: 126 ± 11 → 132 ± 12 mmHg; both 
p <0.01). These results demonstrate that while 
the physiological burden of wearing a surgical 
mask is detectable, it remains modest in young 
healthy adults.

Our findings align with prior research 
showing that surgical and N95 masks increase 
breathing resistance and perceived exertion.1,4,6 
Systematic reviews also indicate that although 
physiological changes are measurable, they 
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are usually small and not clinically meaningful 
in healthy individuals.9,22 Some studies even 
suggest that mask use does not impair moderate-
intensity exercise performance, supporting our 
observation that young adults tolerate mask 
use well.10

High-filtration respirators, such as N95 masks, 
impose a greater cardiopulmonary load 
than surgical masks, often resulting in more 
pronounced elevations in heart rate and exertion 
during sustained or vigorous activity.3,23 This is 
consistent with prior observations of minor yet 
consistent reductions in pulmonary function 
and exercise capacity under masked conditions, 
reinforcing the notion that the magnitude of 
effect is proportional to the mask’s resistance 
and the intensity of exercise.3,23 

From a clinical perspective, these findings hold 
important implications for the interpretation of 
functional tests in settings where mask-wearing 
is mandated. Clinicians should be aware that 
modest reductions in 6MWT distance, oxygen 
saturation, or spirometric volumes in masked 
patients may partly reflect the external resistive 
load rather than intrinsic cardiopulmonary 
deterioration. This distinction is particularly 
critical in regions like Nepal, where masks 
are routinely worn for protection against 
both airborne infections and severe ambient 
pollution.15 Misinterpretation of such mask-
induced variations could lead to unnecessary 
clinical concern or intervention.

Although healthy young adults tolerated mask 
use without difficulty, vulnerable groups 
such as older people or those with COPD 
or cardiovascular disease may experience 
greater functional limitations.24,25 These groups 
often operate with reduced cardiopulmonary 
reserve, and even modest increases in 
breathing effort or mild gas exchange 
alterations could meaningfully impact exercise 
capacity and symptoms. Recent meta-analyses 
emphasize the need for further evaluation in 
these populations, particularly during higher-
intensity or prolonged activity.26,27 In South Asian 
and Nepali contexts, this is especially relevant 
given the high burden of cardiopulmonary 
diseases and widespread exposure to pollution, 
as documented in studies from Kathmandu 
Valley.15 A recent Nepali study also reported 
increases in blood pressure and pulse rate 
during physical exertion with KN95 mask use, 
echoing our cardiovascular findings.28

Recent experimental work strengthens this 
interpretation. It has been reported that 
surgical masks during moderate exercise 

lead to slight reductions in oxygen saturation 
and increased exertion.26 Other studies found 
that both surgical and N95 masks caused 
small reductions in pulmonary function 
during treadmill exercise, consistent with our 
spirometry findings.27 Additionally, research 
demonstrated that high-filtration masks 
increased end-tidal CO₂ but remained within 
safe physiological limits.29 Further reviews 
emphasized that cardiopulmonary effects are 
more pronounced during high-intensity or 
prolonged activity.30,31 Other studies reinforced 
that young healthy adults tolerate mask use 
well, although caution is needed in vulnerable 
populations.32 Finally, a systematic review 
confirmed the overall safety implications of 
mask use.33

Our findings align with previous work from 
our group (Maharjan et al34), which reported 
reduced oxygen saturation, elevated heart 
rate, and increased perceived exertion during 
the Chester Step Test with surgical mask use.
Together, these findings indicate a mild but 
consistent cardiorespiratory burden across 
submaximal exercise, with heart rate changes 
at lower intensities and oxygen desaturation 
at higher workloads. Although well tolerated 
in healthy individuals, these effects should be 
considered when interpreting exercise tests 
and advising vulnerable populations.

Strengths of this study include the randomized 
crossover design, which minimized inter-
individual variability, and strict adherence to 
standardized ATS 6MWT protocols. Limitations 
include the single-center cohort, modest sample 
size, and evaluation of only surgical masks. 
These factors limit generalizability, especially 
to older or diseased populations.

Taken together, this study adds to the growing 
evidence that mask use during submaximal 
exercise imposes measurable but mild 
physiological changes in healthy young adults. 
While safe in this population, further studies 
are needed in vulnerable groups, particularly 
in Nepal, to ensure clinical and public health 
recommendations are tailored to populations 
with lower physiological reserve. Future 
research should also compare different mask 
types, assess responses across a range of 
exercise intensities, and evaluate strategies 
to mitigate discomfort while maintaining 
protective efficacy.

In conclusion, wearing a surgical mask during 
the 6MWT in healthy young adults causes 
small but statistically significant reductions 
in walking distance, oxygen saturation, and 
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pulmonary function, with mild increases in 
heart rate and blood pressure. Despite these 
changes, effects remain within clinically 
tolerable limits, supporting the safety of mask 
use during light to moderate activity in this 
population. Clinicians should account for mask-
related effects when interpreting functional 
tests. Caution is warranted in vulnerable 
groups, and further studies are needed across 
different populations, mask types, and exercise 
intensities.

ACKNOWLEDGMENT
We sincerely thank the Institutional Ethical 
Committee for granting approval and the 
Department of Physiology, Nepalgunj Medical 
College, for their guidance and support. We 
are grateful to all the participants for their 
cooperation, and to our families and friends for 
their unwavering encouragement.

Conflict of interest: None
Source of research fund: None

REFERENCES
1.	 Chandrasekaran B, Fernandes S. Exercise with 

facemask; Are we handling a devil’s sword? Med 
Hypotheses 2020; 144: 110002. DOI: 10.1016/j.
mehy.2020.110002 

2.	 Zheng C, Huang WY, Sheridan S, Sit CH, Chen 
XK, Wong SH. COVID-19 pandemic brings a 
sedentary lifestyle in young adults: a cross-
sectional and longitudinal study. Int J Environ 
Res Public Health 2020; 17: 6035. DOI: 10.3390/
ijerph17176035 

3.	 Johnson AT. Respirator masks protect health but 
impact performance: a review. J Biol Eng 2016; 
10: 4. DOI: 10.1186/s13036-016-0025-z 

4.	 Shein SL, Whitticar S, Mascho KK, Pace E, 
Speicher R, Deakins K. The effects of wearing 
facemasks on oxygenation and ventilation at rest 
and during physical activity. PLoS One 2021; 16: 
e0247414. DOI: 10.1371/journal.pone.0247414 

5.	 Samannan R, Holt G, Calderon-Candelario R, 
Mirsaeidi M, Campos M. Effect of face masks on 
gas exchange in healthy persons and patients 
with COPD. Ann Am Thorac Soc 2021; 18: 541–4. 
DOI: 10.1513/AnnalsATS.202007-812RL

6.	 Fikenzer S, Uhe T, Lavall D et al. Effects of surgical 
and FFP2/N95 face masks on cardiopulmonary 
exercise capacity. Clin Res Cardiol 2020; 109: 
1522–30. DOI: 10.1007/s00392-020-01704-x

7.	 ATS Committee on Proficiency Standards for 
Clinical Pulmonary Function Laboratories. ATS 
statement: guidelines for the six-minute walk 
test. Am J Respir Crit Care Med 2002; 166: 111–7. 
DOI: 10.1164/ajrccm.166.1.at1102

8.	 Mapelli M, Salvioni E, De Martino F et al. “You can 
leave your mask on”: effects on cardiopulmonary 
parameters of different airway protection masks 
at rest and during maximal exercise. Eur Respir J 
2021; 58: 2004473. DOI: 10.1183/13993003.04473-2020

9.	 Haraf RH, Alzghoul BN, Aldalaykeh M et al. 
Effects of wearing facemasks during exercise 
in the COVID-19 era: a systematic review. Int J 
Environ Res Public Health 2021; 18: 11071. DOI: 
10.3390/ijerph182111071

10.	 Shaw K, Butcher S, Ko J, Zello GA, Chilibeck 
PD. Wearing of cloth or disposable surgical 
face masks has no effect on vigorous exercise 

performance in healthy individuals. Int J Environ 
Res Public Health 2020; 17: 8110. DOI: 10.3390/
ijerph17218110

11.	 Hopkins SR, Dominelli PB, Davis CK et al. Face 
masks and the cardiorespiratory response to 
physical activity in health and disease. Ann 
Am Thorac Soc 2021; 18: 399–407. DOI: 10.1513/
AnnalsATS.202006-696CME

12.	 Martín-Rodríguez F, Guallar-Castillón P, García-
Esquinas E et al. Mask use in the community 
and its impact on physical performance: a 
review. Front Public Health 2021; 9: 756333. DOI: 
10.3389/fpubh.2021.756333

13.	 Bao W, Song B, Sun Y, Liu Y, Liu Z. 
Cardiopulmonary effects of wearing face masks 
in young adults: a systematic review and meta-
analysis. Sports Med 2022; 52: 1185–98. DOI: 
10.1007/s40279-022-01656-z

14.	 Aryal KK, Mehata S, Neupane S et al. The 
burden and determinants of non-communicable 
diseases risk factors in Nepal: findings from a 
nationwide STEPS survey. PLoS One 2015; 10: 
e0134834. DOI: 10.1371/journal.pone.0134834

15.	 Gurung A and Bell ML. The state of air quality in 
Kathmandu Valley, Nepal. Environ Res 2013; 124: 
54–64. DOI: 10.1016/j.envres.2013.04.003

16.	 Ade CJ, Turpin VR, Parr SK et al. Impact of 
surgical and N95 masks on exercise capacity: a 
systematic review. Eur J Appl Physiol 2021; 121: 
2479–93. DOI:10.1007/s00421-021-04671-7

17.	 Fan J, Chen X, Jiang X et al. Assessing the impact 
of different types of masks on COPD patients: a 
randomised controlled trial. ERJ Open Res 2025. 
DOI: 10.1183/23120541.00990-2024.

18.	 Klophaus N, Wehmeier UF, Forstner J et al. The 
impact of medical face masks and rehabilitation 
duration on the performance output and 
outcomes of cardiologic rehabilitants. J Clin Med 
2024; 13: 1086. DOI: 10.3390/jcm13041086.

19.	 Al-Metha AF, Ibrahim MM, Shaltout AA et 
al. Sample size estimation in cross-sectional 
studies: application in hypertension research. 
Saudi J Med Med Sci 2019; 7: 161–7. DOI: 10.4103/
sjmms.sjmms_160_18

20.	 American Thoracic Society. Standardization 
of spirometry, 2019 update. Am J Respir Crit 



23NMCJ

Care Med 2019; 200: e70–88. DOI: 10.1164/
rccm.201908-1590ST

21.	 Graham BL, Steenbruggen I, Miller MR et al. 
Standardization of spirometry 2019: an official 
ERS/ATS technical statement. Eur Respir J 2019; 
54: 1900751. DOI: 10.1183/13993003.00751-2019

22.	 Nixon A, Thomas L, Kearns A et al. The impact of 
masks on exercise capacity: systematic review. 
Sports Med 2021; 51: 199–215. DOI: 10.1007/
s40279-020-01386-9

23.	 Driver S, Reynolds M, Bennett M et al. Effects 
of face masks on physiological and perceptual 
responses during physical activity: a systematic 
review and meta-analysis. Sports Med 2024; 54: 
145–65. DOI: 10.1007/s40279-023-01956-4

24.	 MacIntyre CR, Chughtai AA, Kunasekaran M, 
et al. The role of masks and respirators in 
preventing respiratory infections in healthcare 
and community settings. Brit Med J 2025; 388: 
e078573. DOI: 10.1136/bmj-2023-078573.

25.	 Krishnan Vasanthi R, Subramaniam A, Asoghan 
K et al. Impact of face masks on cardiopulmonary 
efficiency during exercise in older adults: a 
crossover study. Iran J War Public Health 2025; 
17: 1001–10.

26.	 Farah W, Abusalih MF, Hasan B et al. Safety 
implications of mask use: a systematic review 
and evidence map. BMJ Evid Based Med 2025; 30: 
91–103. DOI: 10.1136/bmjebm-2024-113028.

27.	 Lässing J, Thielmann B, Weller M et al. Effects 
of surgical face masks on cardiopulmonary 
function during steady-state exercise. Sci Rep 
2020; 10: 19694. DOI: 10.1038/s41598-020-76742-1

28.	 Ghimire A, Bhattarai S, Paudel S et al. 
Cardiovascular and perceptual responses to 

KN95 mask use during submaximal exercise in 
healthy young adults: a cross-sectional study 
from Nepal. J Nepal Health Res Counc 2024; 22: 
45–52. DOI: 10.33314/jnhrc.v22i01.5123.

29.	 Epstein D, Korytny A, Isenberg Y et al. Return to 
training in the COVID-19 era: the physiological 
effects of face masks during exercise. Scand 
J Med Sci Sports 2021; 31: 70–5. DOI: 10.1111/
sms.13832.

30.	 Wangsan K, Lee J, Kim Y et al. Effect of N95 
respirator on oxygen and carbon dioxide 
physiologic response: a systematic review and 
meta-analysis. Int J Environ Res Public Health 
2022; 19: 8646. DOI: 10.3390/ijerph19148646

31.	 Bao R, Zhang Y, Li X et al. Evaluation of mask-
induced cardiopulmonary stress: a randomized 
crossover trial. JAMA Netw Open 2023; 6: e233175. 
DOI: 10.1001/jamanetworkopen.2023.3175

32.	 Vogt S, Lässing J, Schega L et al. Influence of an 
exercise-specific face mask on physiological, 
perceptual, respiratory, and performance 
responses to graded treadmill exercise. Int J 
Environ Res Public Health 2024; 21: 1234. DOI: 
10.3390/ijerph21041234

33.	 Onmonya LN, Adedeji IA, Musa SS et al. 
Tolerability of facemask during physical 
exercises during COVID-19 pandemic: a 
systematic review. J Public Health Afr 2025; 16: 
e1–e14. DOI: 10.4081/jphia.2025.2901.

34.	 Maharjan S, Shakya B, Pokhrel S et al. Impact of 
wearing surgical face masks on heart rate and 
oxygen saturation levels during the Chester Step 
Test exercise. Turk J Sports Med 2026; 61: 12–8. 
DOI: 10.47447/tjsm.0899.

Jha  et al


