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Abstract
Background Wearing masks imposes an additional respiratory burden on COPD patients. This study
aimed to investigate the impact of various mask types on physiological parameters and subjective feelings
in COPD patients.
Methods This randomised, open-label, parallel-controlled trial randomly assigned 129 COPD patients from
two Chinese hospitals to the N95 mask group, the surgical mask group and the no mask group, who were
required to complete a 6-min rest (6MR) and a 6-min walking test (6MWT) while wearing their designated
masks, and were assessed for blood pressure, oxygen saturation, pulse rate, Borg score, rating of perceived
exertion (RPE) score, 6-min walk distance (6MWD) and subjective feeling score. Data were analysed using
intention-to-treat analysis and per-protocol analysis.
Results No significant differences were observed in blood pressure, oxygen saturation, pulse rate or the
6MWD among the three groups following a 6MR or 6MWT. Wearing N95 masks and surgical masks
during the 6MWT significantly elevated perceived dyspnoea (p<0.001) and exertion scores (p<0.001) in
COPD patients. The differences in the two scores between the highest and lowest groups were 2 and 4
points, respectively.
Conclusion Wearing surgical masks or N95 masks for 6MR or 6MWT did not adversely affect physiological
parameters in COPD patients. However, it significantly increased perceived dyspnoea and exertion.

Introduction
COPD is a prevalent chronic airway condition characterised by persistent respiratory symptoms and airflow
limitation [1]. It is predicted that the incidence of COPD will continue to climb each year for the next
40 years, and that according to the World Health Organization (WHO) by 2060, >5.4 million individuals
may succumb to COPD or its related illnesses annually [2]. Factors contributing to death in COPD patients
include acute exacerbations of COPD, which are often associated with pathogenic infections [3]. Therefore,
implementing effective strategies to help COPD patients reduce exposure to pathogens could potentially
lower the frequency of acute exacerbations [1].

Masks are often used to reduce the inhalation of various common and uncommon pathogens [4]. Although
the pros and cons of wearing masks are controversial [5–7], the risk of infection by various respiratory
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pathogens can be effectively minimised provided masks are worn correctly [8]. Common types of masks
include cloth, N95 and surgical masks [9]. Among them, N95 masks are those certified by the National
Institute for Occupational Safety and Health (NIOSH) as having a filtration efficiency of 95% for non-oily
particulate matter [9]. Studies have found that wearing masks is an important factor in reducing the risk of
acute exacerbation of COPD [10, 11]. However, the airflow resistance generated by mask wearing should
not be ignored, and it is necessary to explore the potential adverse effects of masks on COPD patients at
the level of respiration and subjective feelings, so as to guide the appropriate use of masks in COPD
patients in special situations.

Currently, the research on masks for COPD patients is at the rather early stage, focusing on a single type
of mask and utilising low-quality trial designs [12, 13]. In order to verify the validity of the existing
hypothesis and improve the level of study in this field, this study used a randomised controlled trial design
to explore the possible adverse effects of wearing surgical masks and N95 masks on COPD patients, so as
to enrich the study on the impacts of masks on cardiopulmonary function of COPD patients and offer
guidance on the safe use of masks during specific periods.

Methods
Study design
This trial employed a randomised, controlled, multicentre design to investigate the impact of N95 and
surgical masks on common physiological indicators and subjective feelings in COPD patients during both
a 6-min rest (6MR) and a 6-min walking test (6MWT). The trial was conducted at the Affiliated Hospital
of Gansu University of Chinese Medicine and Lanzhou Petrochemical General Hospital. All aspects of the
study adhered to the ethical principles outlined in the Declaration of Helsinki and received approval from
the Ethics Committee of the Affiliated Hospital of Gansu University of Chinese Medicine (approval
number: 202335). The reporting of this trial adhered to the CONSORT 2010 checklist criteria [14]. The
protocol for this trial was previously published and available online [15].

Participants
In accordance with the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria [1], a
pulmonary function criterion of forced expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) <70%
post inhaled bronchodilators confirmed persistent airflow limitation and COPD diagnosis. Clinicians
established definitive diagnoses by considering clinical presentations, exposure history to risk factors and
laboratory test data.

Eligible participants were COPD patients with stable symptoms and no medication changes in the
preceding 4 weeks, devoid of concurrent motor or neurological disorders. Evaluation by a specialised
clinician was a prerequisite for trial participation. Exclusion criteria encompassed pregnancy, allergies,
absolute contraindications to the 6MWT, learning or cognitive disabilities hindering communication, and
abnormal heart rate or blood pressure.

Before participating in the study, all participants were informed of the trial process by reading the
informed consent form or communicating with the study staff. The study staff would start the trial once the
participants had signed the informed consent form.

Randomisation and masking
Prior to the initiation of the trial, a randomised grouping scheme was generated using SPSS 25.0 software
by study staff uninvolved in any other trial aspects. This scheme randomly assigned all participants to the
no mask, surgical mask or N95 mask groups at a ratio of 1:1:1. The outcomes of this randomisation
process for each study participant were sealed in opaque envelopes and remained undisclosed until the
completion of baseline data measurement.

Given the specificity of the intervention, during the whole study period, this study did not blind the study
staff and participants but only blinded the statistical staff.

Procedures
Participants were interviewed to collect comprehensive sociodemographic variables through a structured
questionnaire. Height and weight measurements were also taken during the interview, and the body mass
index was calculated afterwards.

In the current study, COPD diagnoses remained consistent without redefinition or reassessment, with
disease information extracted from prior medical records. However, lung functions of all participants were
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reevaluated before the trial to assess disease severity. All assessments adhered to the guidelines set out by
the American Thoracic Society (ATS) and European Respiratory Society (ERS) [16]. Lung function
parameters were measured using a spirometer (MasterScreen SeS, Jaeger, Germany). Furthermore,
disease-specific details were captured through questionnaires.

Prior to the trial, all participants were instructed to sit still for 10 min without a mask, breathing normally.
This initial phase was labelled as the rest phase. According to the randomised grouping scheme, each
participant performed two protocols without a mask, with a surgical mask, or with an N95 mask,
including: 1) sitting quietly for 6 min; and 2) performing a 6MWT. Between the two phases, there was a
10-min rest period, and participants in the masked group were instructed to remove their masks during the
rest period.

Outcomes
Physiological variables were evaluated both before and immediately after the completion of the 6MR.
These variables included systolic blood pressure, diastolic blood pressure, pulse rate and oxygen saturation.
Systolic and diastolic blood pressure were measured using an electronic sphygmomanometer, while pulse
rate and oxygen saturation were measured using a finger-clamp pulse oximeter.

Similarly, the above physiological variables were evaluated immediately both before and after the
completion of the 6MWT. In addition, according to the recommendations of the ATS, the participants’
Borg score [17] and rating of perceived exertion (RPE) score [18] were evaluated, and the participants’
6-min walking distance (6MWD) was obtained after the 6MWT.

The subjective feelings of wearing masks were evaluated after the 6MR and 6MWT, respectively.
The subjective feelings of wearing masks were mainly quantified by the questionnaire designed as LI et al.
[19] described.

The safety assessment involved monitoring any adverse events associated with mask usage during seated rest
or the 6MWT. These events included lower limb muscle cramps, chest pain, intolerable dyspnoea, profuse
sweating, gait instability, pale complexion and other relevant indicators. Additionally, the trial was stopped
immediately if a participant’s systolic blood pressure dropped by 20 mmHg or more during the trial.

Statistical analysis
The calculation of the sample size was rooted in the difference in Borg scores between the masked and
non-masked groups post the 6MWT. Referring to a prior study reporting a difference of 0.91 points and a
standard deviation of 1.40 [20], the sample size was determined using the formula:

n ¼ 2(Za þ Zb)
2s2

d2

With a two-sided alpha of 0.05 and a power of 80%, computations using PASS 15 software yielded a
minimum sample size of 39 cases per group. To account for a shedding rate of no more than 10%, a total
of 129 participants were recruited.

Statistical analyses were conducted using SPSS 25.0 statistical software based on the full analysis set and
the per-protocol set. Intention-to-treat analysis (ITT) and per-protocol analysis (PP) were used to evaluate
the impact of masks on COPD patients. Quantitative data were presented as n (%) with group comparisons
facilitated through the chi-square test or Fisher’s exact test. Continuous variables, when conforming to
normal distribution, were expressed as mean±SD, and inter-group comparisons were performed using
analysis of variance. In cases where normal distribution criteria were not met, data were expressed as
median (interquartile range), and nonparametric tests were employed. The Mann–Whitney U-test was used
for comparison between two groups and the Kruskal–Wallis H test was used for comparison between
multiple groups. A significance level of p⩽0.05 was considered indicative of statistical significance.

Results
Between October 2023 and December 2023, this study enrolled 129 COPD patients through targeted
recruitment efforts using posters and social media platforms at Gansu University of Chinese Medicine
and Lanzhou Petrochemical General Hospital. After randomisation, all participants completed the 6MR
phase and took a 10-min sitting rest, with five participants not completing the following 6MWT, as shown
in figure 1.
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Baseline characteristics demonstrated equilibrium across the three groups, as depicted in table 1. Among
the 129 participants, 106 were male, constituting 82.17% of the cohort. The age range spanned from 48 to
86 years. Notably, the mean FEV1/FVC surpassed 50% in all three groups. The majority of participants
had a respiratory disease history of <5 years, with 66 individuals (51.16%) having only COPD without any
other concurrent diseases. No difference in demographic and clinical characteristics were observed among
the three groups of participants at baseline.

Physiological variables of the participants were measured before both the 6MR and the 6MWT, and there
were no significant differences in systolic blood pressure, diastolic blood pressure, blood oxygen saturation
and pulse rate among the three groups (table 2). Similarly, in terms of subjective variables, there was no
statistically significant difference in Borg scores and RPE scores among the participants in the three groups
before the 6MWT (table 2).

Following the 6MR, no significant differences were observed in systolic blood pressure, diastolic blood
pressure, blood oxygen saturation and pulse rate among the three groups (table 3). Consequently, the
utilisation of N95 masks and surgical masks during the 6MR period in COPD patients did not have
adverse effects on the aforementioned physiological indicators.

Systolic blood pressure, diastolic blood pressure and pulse rate were noticeably increased in all three groups
of participants after the 6MWT compared to before the 6MWT, accompanied by a slight decrease in blood
oxygen saturation (table 2 and table 4). Despite these changes, there remained no significant differences
in the above variables between the three groups after the end of the 6MWT (table 4 and figure 2).

Assessed for eligibility (n=129)

Randomised (n=129)

Sitting quietly wearing no mask for 10 min (n=129)

No mask group(n=43):

sitting quietly wearing no mask

for 6 min

Completed (n=43 )

No mask group (n=43):

performing a 6MWT with no

mask

Completed (n=42)

Analysing data

Completed (n=41) Completed (n=41)

Surgical mask group (n=43):

performing a 6MWT with a

surgical mask

N95 mask group (n=43):

performing a 6MWT with an N95

mask

Sitting quietly wearing no mask for 10 min (n=129)

Completed (n=43) Completed (n=43 )

Surgical mask group (n=43):

sitting quietly wearing a surgical

mask for 6 min

N95 mask group (n=43):

sitting quietly wearing an N95

mask for 6 min

FIGURE 1 Patient disposition and population. 6MWT: 6-min walking test.
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Furthermore, while the 6MWD was greater in the no mask group compared to the mask-wearing groups,
this difference did not attain significance (ITT: p>0.05, PP: p>0.05; table 4). Importantly, a significant
difference was observed in both Borg score (ITT: p<0.001, PP: p<0.001; table 4 and figure 3) and RPE
score (ITT: p<0.001, PP: p<0.001; table 4 and figure 3). Specifically, the N95 mask group had a 2-point
higher Borg score and a 4-point higher RPE score than the no mask group.

During both the 6MR and 6MWT, the N95 mask group exhibited higher scores than the surgical mask
group listed in tables 5 and 6, in the categories of heat (6MR: p=0.001, 6MWT: p<0.001), breath
resistance (6MR: p<0.001, 6MWT: p<0.001), tightness (6MR: p<0.001, 6MWT: p<0.001), fatigue (6MR:
p<0.001, 6MWT: p<0.001) and overall discomfort (6MR: p<0.001, 6MWT: p<0.001). Additionally,
following the 6MWT, the N95 mask group exhibited higher scores in humidity (ITT: p<0.001, PP:

TABLE 1 Baseline characteristics

No mask Surgical mask N95 mask

Patients, n 43 43 43
Age years 64.35±7.83 67.26±6.37 66.40±7.88
Sex
Male 38 (88.4) 35 (81.4) 33 (76.7)
Female 5 (11.6) 8 (18.6) 10 (23.3)

BMI kg·m−2

<18.5 1 (2.3) 3 (7.0) 1 (2.3)
18.5–23.9 25 (58.2) 21 (48.8) 21 (48.9)
24.0–27.9 13 (30.2) 18 (41.9) 16 (37.2)
⩾28.0 4 (9.3) 1 (2.3) 5 (11.6)

Course of respiratory disease years
<5 23 (53.5) 22 (51.2) 25 (58.1)
5–10 5 (11.6) 4 (9.3) 7 (16.3)
>10 15 (34.9) 17 (39.5) 11 (25.6)

Smoking status
Nonsmoker 11 (25.6) 14 (32.6) 10 (23.3)
Current smoker 17 (39.5) 9 (20.9) 13 (30.2)
Former smoker who has quit 15 (34.9) 20 (46.5) 20 (46.5)

Exercise h per week
<0.5 15 (34.9) 9 (20.9) 11 (25.6)
0.5–2 7 (16.3) 10 (23.3) 9 (20.9)
>2 21 (48.8) 24 (55.8) 23 (53.5)

Complications
0 24 (55.8) 20 (46.5) 22 (51.2)
1 15 (34.9) 21 (48.8) 18 (41.8)
⩾2 4 (9.3) 2 (4.7) 3 (7.0)

FEV1 L 1.45 (0.88–1.90) 1.52 (1.13–2.03) 1.29 (1.03–1.76)
FEV1/FVC % 50.38±12.32 52.97±10.45 53.62±11.17
Grade
GOLD 1 6 (14.0) 8 (18.6) 3 (7.0)
GOLD 2 14 (32.6) 18 (41.9) 20 (46.5)
GOLD 3 16 (37.2) 14 (32.6) 17 (39.5)
GOLD 4 7 (16.3) 3 (7.0) 3 (7.0)

mMRC score
0 8 (18.6) 8 (18.6) 5 (11.6)
1 17 (39.5) 19 (44.2) 24 (55.8)
2 16 (37.2) 12 (27.9) 11 (25.6)
⩾3 2 (4.7) 4 (9.3) 3 (7.0)

CAT score
<10 9 (20.9) 7 (16.3) 5 (11.6)
10–21 31 (72.1) 26 (60.5) 31 (72.1)
>21 3(7.0) 10 (23.2) 7 (16.3)

Data are presented as n (%), median (interquartile range) or mean±SD. BMI: body mass index; FEV1: forced
expiratory volume in 1 s; FVC: forced vital capacity; GOLD: Global Initiative for Chronic Obstructive Lung Disease;
mMRC: modified Medical Research Council; CAT: COPD Assessment Test.
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p<0.001; table 6) and salty (ITT: p<0.001, PP: p=0.001; table 6) compared to the surgical mask group. In
terms of overall discomfort scores, the N95 mask group was 1 and 2 points higher than the surgical mask
group after the 6MR and 6MWT, respectively.

No adverse events were observed throughout the study.

Discussion
Consistent with the systematic review and meta-analysis of the same topic carried out by our research team
before [21], the results of this study showed that masks did not have a negative impact on the
physiological indices of COPD patients after 6MR or 6MWT. Nevertheless, wearing masks did lead to
adverse subjective feelings in COPD patients, with the negative effects being more pronounced with the
N95 mask compared to the surgical mask. To our knowledge, this study is the first study in China to
investigate the impact of different types of masks on physiological indices and subjective feelings in
COPD patients after a 6MR or 6MWT.

The study results indicated that wearing a mask during a 6MR did not have a significant impact on blood
pressure, oxygen saturation and pulse rate in patients with COPD. Notably, a Korean study involving
COPD patients resting while wearing an N95 mask for 10 min showed a slight change in oxygen saturation
compared to baseline, which was statistically significant but not clinically significant [22]. Similarly,
SAMANNAN et al. [12] demonstrated no clinically relevant physiological changes in oxygen saturation in
COPD patients who rested with a surgical mask for 5 or 30 min, aligning with our own findings.

Similarly, our current study also found that patients wearing a mask for the 6MWT only affected the
patients’ Borg score and RPE score, and did not affect their systolic blood pressure, diastolic blood

TABLE 2 Effects of masks on physiological variables before 6MR or 6MWT

No mask Surgical mask N95 mask p-value

Patients, n 43 43 43
SBP mmHg
Pre-6MR 127.49±16.02 127.14±15.47 123.67±15.50 0.461
Pre-6MWT 128.47±16.59 129.49±14.93 126.30±15.22 0.627

DBP mmHg
Pre-6MR 84.02±10.04 82.84±9.77 82.09±11.16 0.684
Pre-6MWT 84.02±8.31 82.91±9.89 80.47±9.66 0.198

SpO2
%

Pre-6MR 92.00 (90.00–94.00) 93.00 (91.00–94.00) 92.00 (90.00–94.00) 0.267
Pre-6MWT 93.00 (91.00–94.00) 93.00 (91.00–94.00) 93.00 (91.00–94.00) 0.861

PR bpm
Pre-6MR 80.00±10.47 79.00±14.10 78.79±11.01 0.882
Pre-6MWT 80.95±10.13 79.16±12.84 78.49±10.43 0.575

Borg score
Pre-6MWT 0.00 (0.00–0.50) 0.00 (0.00–0.50) 0.00 (0.00–0.50) 0.714

RPE score
Pre-6MWT 6.00 (6.00–7.00) 6.00 (6.00–7.00) 6.00 (6.00–8.00) 0.242

Data are presented as median (interquartile range) or mean±SD. The Borg score ranges from 0 to 10. The RPE
score ranges from 6 to 20. 6MR: 6-min rest; 6MWT: 6-min walking test; SBP: systolic blood pressure; DBP: diastolic
blood pressure; SpO2

: oxygen saturation; PR: pulse rate; bpm: beats per minute; RPE: rating of perceived exertion.

TABLE 3 Effects of masks on physiological variables after 6MR

No mask Surgical mask N95 mask p-value

Patients, n 43 43 43
SBP mmHg 128.84±16.11 129.12±14.89 123.40±15.07 0.155
DBP mmHg 83.58±9.27 83.14±8.70 82.63±9.64 0.891
SpO2

% 92.00 (89.00–93.00) 92.00 (90.00–94.00) 92.00 (90.00–93.00) 0.563
PR bpm 79.88±10.11 79.19±13.40 78.74±10.50 0.897

Data are presented as median (interquartile range) or mean±SD. 6MR: 6-min rest; SBP: systolic blood pressure;
DBP: diastolic blood pressure; SpO2

: oxygen saturation; PR: pulse rate; bpm: beats per minute.
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pressure, oxygen saturation or pulse rate, as compared to the 6MWT without a mask. Differences in Borg
score and RPE score may be attributed to the fact that wearing a mask during exercise rebreathes a small
amount of exhaled gas, which is minimally oxygenated and rich in carbon dioxide [23]. It has been found
that carbon dioxide rebreathing causes subthreshold increases in the carbon dioxide partial pressure (PaCO2

)
in the blood in most healthy individuals, but some pathological increases in patients. These changes
reflexively cause an increase in respiratory rate and depth, an increase in the work of the respiratory
muscles, and the resulting additional oxygen demand and oxygen consumption [24]. Furthermore, patients’
work of breathing increases during exercise, and the addition of a mask introduces a slight resistance to
both inhalation and exhalation, potentially exacerbating perceived dyspnoea [23, 25]. Finally, SORIANO
et al. [26] highlighted that while mask use heightens respiratory resistance, emotional factors may play a
role in the discomfort experienced by some patients.

It is worth noting that fewer patients with very severe COPD were included in the current study, and the
conclusions may not be generalisable to patients with all grades of COPD. It is possible that masks could
have a more negative impact on the cardiopulmonary function of very severe patients, who already have
varying levels of high carbon dioxide tension (PCO2

) and low oxygen tension (PO2
).

In addition, our current study, following similar research in Japan that focused on the impact of surgical
masks on the 6MWD [20], demonstrated that the use of either N95 or surgical masks did not influence the
6MWD in COPD patients. Conversely, a study by JUST et al. [13], which required COPD patients to wear
disposable medical surgical masks during a 6MWT, found a significant difference in the 6MWD between
the masked and non-masked groups. Notably, this divergence in findings could be attributed to the higher
severity of the study population, specifically patients with end-stage lung disease [13].

In the current study, the subjective feeling of participants wearing masks was assessed by subjective
feeling scores. Consistent with previous studies [19, 27], this study revealed that heat, breath resistance,
tightness, fatigue and overall discomfort scores were different between the N95 mask group and the
surgical mask group after a 6MR trial. This may be due to the fact that surgical masks are thinner and
more breathable compared to N95 masks, creating a less humid and hot environment in the additional dead
space of the masks [28].

TABLE 4 Effects of masks on physiological variables after 6MWT

No mask Surgical mask N95 mask p-value

SBP mmHg
ITT 138.21±17.38 138.44±14.55 132.41±14.46 0.129
PP 138.21±17.60 138.44±14.91 132.41±14.82 0.152

DBP mmHg
ITT 87.55±8.63 88.76±8.53 86.15±8.00 0.356
PP 87.55±8.74 88.76±8.74 86.15±8.19 0.388

SpO2
%

ITT 88.00 (85.00–91.00) 88.00 (85.00–90.00) 86.00 (84.00–88.00) 0.084
PP 88.00 (85.00–91.00) 88.00 (84.50–90.00) 86.00 (84.00–88.50) 0.110

PR bpm
ITT 99.98±11.01 100.56±14.53 104.83±11.46 0.146
PP 99.98±11.14 100.56±14.89 104.83±11.74 0.170

Borg score
ITT 1.00 (0.50–2.00) 2.00 (2.00–3.00)# 3.00 (3.00–4.00)#¶ <0.001
PP 1.00 (0.50–2.25) 2.00 (2.00–3.00)# 3.00 (3.00–4.00)#¶ <0.001

RPE score
ITT 7.00 (7.00–9.00) 10.00 (8.00–11.00)# 11.00 (11.00–13.00)#¶ <0.001
PP 7.00 (7.00–9.00) 10.00 (8.00–11.00)# 11.00 (11.00–13.00)#¶ <0.001

6MWD m
ITT 340.90±56.66 335.73±68.82 326.44±71.94 0.591
PP 340.90±57.34 335.73±70.52 326.44±73.71 0.615

Data are presented as median (interquartile range) or mean±SD. The Borg score ranges from 0 to 10. The RPE
score ranges from 6 to 20. 6MWT: 6-min walking test; SBP: systolic blood pressure; ITT: intention-to-treat
analysis; PP: per-protocol analysis; DBP: diastolic blood pressure; SpO2

: oxygen saturation; PR: pulse rate; bpm:
beats per minute; RPE: rating of perceived exertion; 6MWD: 6-min walking distance. #: compared with non-mask
group, p<0.05; ¶: compared with the surgical mask group, p<0.05.
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Additionally, our current study found that the N95 mask group exhibited higher humidity and salty scores
compared to the surgical mask group after a 6MWT. A potential explanation for these findings could be
that subjective feeling scores gradually increase with time and workload [14].

The protective performance of N95 masks is known to be superior to that of surgical masks. In addition to
differences in composition [29], another key factor influencing this performance is the fit of the N95
masks, which improves the facial seal [30]. Our current study further confirms this, as patients perceived
N95 masks to be tighter than surgical masks both during periods of inactivity and while walking.

In addition, the occurrence of subjective fatigue in the current study may be related to the increased
respiratory amplitude, abdominal muscle activity and fatigue, and the fatigue of scalene caused by wearing
the mask [31]. In terms of potential metabolic effects, SUKUL et al. [32] noted that mask-induced
rebreathing increases the systematic effects of most volatile organic compounds as CO2 exhalation and
respiratory humidity accumulate. As an example, isoprene, which may mediate lipolysis in skeletal muscle,
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FIGURE 2 Impact of no mask, surgical mask and N95 mask on systolic blood pressure, diastolic blood
pressure, oxygen saturation and pulse rate after 6-min walking test (6MWT). a) Comparison of systolic blood
pressure among the three groups after 6MWT (per-protocol analysis (PP)). The data are expressed as the
mean±SD. b) Comparison of diastolic blood pressure among the three groups after 6MWT (PP). The data are
expressed as the mean±SD. c) Comparison of oxygen saturation among the three groups after 6MWT (PP). The
data are expressed as median (interquartile range). d) Comparison of pulse rate among the three groups after
6MWT (PP). The data are expressed as the mean±SD. bpm: beats per minute.
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is generally positively correlated with cardiac output, but mask-wearing-induced hypoxia causes
sympathetic vasoconstriction of intermuscular compartments resulting in a decrease in isoprene
concentration and an increase in cardiac output [33]. All the above-mentioned subjective feelings,
including fatigue, contributed to the patients’ overall discomfort after wearing the mask. Alleviating this
discomfort is crucial for improving adherence [34].

Strengths and limitations
One of the strengths of this study is that before the study began, the study leader invited relevant clinical
and epidemiological experts to discuss the study protocol and submitted it to the Chinese Clinical Trial
Registry for review. This means that the study can protect the safety and rights of the subjects as well as
ensure the scientific and rigour of the clinical trial. Secondly, compared with studies on the same topic,
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FIGURE 3 Impact of no mask, surgical mask and N95 mask on Borg score and rating of perceived exertion
(RPE) score after 6-min walking test (6MWT). a) Comparison of Borg score among the three groups after 6MWT
(intention-to-treat analysis (ITT)). b) Comparison of RPE score among the three groups after 6MWT (ITT).
c) Comparison of Borg score among the three groups after 6MWT (per-protocol analysis (PP)). d) Comparison
of RPE score among the three groups after 6MWT (PP). The data are expressed as median (interquartile range).
Statistical significance levels are denoted as follows: *p⩽0.05; **p⩽0.01; ***p⩽0.001; ****p⩽0.0001.
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this study calculated the sample size, used a high-quality randomised controlled study design, enriched the
mask types in the study, and measured multiple subjective feeling scores of COPD patients after wearing
masks in addition to objective indicators.

We acknowledge several limitations inherent in this study. Firstly, the small sample size of this study and
the fact that only basic physiological variables were assessed may limit our interpretation of the results.
Secondly, this study did not blind patients with COPD and did not assess their psychological status.

TABLE 5 Perceived discomfort of wearing masks after 6MR

Surgical mask N95 mask p-value

Humid 0.50 (0.50–0.50) 0.50 (0.50–0.50) 0.062
Hot 0.50 (0.50–1.00) 1.00 (1.00–1.00) 0.001
Breath resistance 1.50 (1.00–2.50) 2.50 (2.50–3.50) <0.001
Itchy 0.50 (0.50–0.50) 0.50 (0.50–0.50) 0.090
Tight 0.50 (0.50–0.50) 1.50 (0.50–2.50) <0.001
Salty 0.50 (0.50–0.50) 0.50 (0.50–0.50) 0.811
Unfit 0.50 (0.50–0.50) 0.50 (0.50–0.50) 0.595
Odour 0.50 (0.50–0.50) 0.50 (0.50–0.50) 0.167
Fatigue 0.50 (0.50–1.50) 1.50 (1.00–1.50) <0.001
Overall discomfort 1.50 (1.00–2.00) 2.50 (2.00–2.50) <0.001

Data are presented as median (interquartile range). All perceived discomfort scores range from 0 to 10. 6MR:
6-min rest.

TABLE 6 Perceived discomfort of wearing masks after 6MWT

Surgical mask N95 mask p-value

Humid
ITT 0.50 (0.50–0.62) 1.00 (0.50–1.50) <0.001
PP 0.50 (0.50–0.50) 1.00 (0.50–1.50) <0.001

Hot
ITT 1.00 (0.50–1.50) 1.50 (1.50–2.50) <0.001
PP 1.00 (0.50–1.50) 1.50 (1.50–2.50) <0.001

Breath resistance
ITT 3.00 (2.25–3.50) 5.00 (4.50–5.50) <0.001
PP 3.00 (2.25–3.50) 5.00 (4.25–5.75) <0.001

Itchy
ITT 0.50 (0.50–0.50) 0.50 (0.50–1.00) 0.128
PP 0.50 (0.50–0.50) 0.50 (0.50–1.00) 0.120

Tight
ITT 0.50 (0.50–0.70) 1.50 (0.50–2.50) <0.001
PP 0.50 (0.50–0.50) 1.50 (0.50–2.50) <0.001

Salty
ITT 0.80 (0.50–1.00) 1.00 (1.00–1.50) <0.001
PP 0.50 (0.50–1.00) 1.00 (1.00–1.50) 0.001

Unfit
ITT 0.50 (0.50–0.50) 0.50 (0.50–0.50) 0.160
PP 0.50 (0.50–0.50) 0.50 (0.50–0.50) 0.098

Odour
ITT 0.50 (0.50–0.50) 0.50 (0.50–0.50) 0.961
PP 0.50 (0.50–0.50) 0.50 (0.50–0.50) 0.986

Fatigue
ITT 1.50 (1.50–2.50) 3.50 (2.50–4.50) <0.001
PP 1.50 (1.25–2.50) 3.50 (2.50–4.50) <0.001

Overall discomfort
ITT 2.50 (2.00–3.00) 4.50 (3.50–5.50) <0.001
PP 2.50 (2.00–3.25) 4.50 (3.50–5.50) <0.001

Data are presented as median (interquartile range). All perceived discomfort scores range from 0 to 10. 6MWT:
6-min walking test; ITT: intention-to-treat analysis; PP: per-protocol analysis.
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Knowing mask grouping and negative psychological status may affect the subjective experience of wearing
masks [26]. Thirdly, participants’ health conditions prevented us from requiring prolonged mask usage or
involving them in high-intensity exercises. Conclusions may be different in patients with COPD when they
wear a mask for extended periods of time or when they participate in high-intensity exercise.

Conclusions
In conclusion, this randomised controlled trial revealed that the short-term use of N95 or surgical masks by
COPD patients affected subjective feelings like dyspnoea and exertion. However, there were no significant
impacts on objective indicators such as blood pressure, oxygen saturation and pulse rate. We conclude that
wearing a mask for short periods, whether at rest or during activity, does not have negative effects on
COPD patients. It is recommended that COPD patients use masks reasonably in special situations.
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