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COVID -19 Living Evidence Synthesis 14.1b:  
Unintended consequences/outcomes of masking in response to COVID-19 in 

non-health care community-based settings 

Executive Summary 

Question 
What is the best-available evidence about the unintended health and social consequences/outcomes (positive and negative) 
of masking in response to COVID-19 in non-health care community-based settings? 
Sub-
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Box 1: Context for synthesizing evidence about public health and social measures (PHSMs) 
 
This series of living evidence syntheses was commissioned to understand the effects of PHSMs during a global pandemic to 
inform current and future use of PHSMs. 
 
General considerations for identifying, appraising and synthesizing evidence about PHSMs 
 
�x PHSMs are population-level interventions and typically evaluated in observational studies. 

o Many PHSMs are interventions implemented at a population level, rather than at the level of individuals or clusters of 
individuals such as in clinical interventions. 

o Since it is typically not feasible and/or ethical to randomly allocate entire populations to different interventions, the 
effects of PHSMs are commonly evaluated using observational study designs that evaluate PHSMs in real-word 
settings. 

o As a result, a lack of evidence from RCTs does not necessarily mean the available evidence in this series of LESs is 
weak. 

https://www.mcmasterforum.org/spark-action/suite-of-living-evidence-syntheses-about-covid-19-public-health-and-social-measures
https://www.mcmasterforum.org/spark-action/suite-of-living-evidence-syntheses-about-covid-19-public-health-and-social-measures
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o As a result, we acknowledge that this series of living evidence syntheses ² about the effectiveness of specific PHSMs 
(i.e., quarantine and isolation; mask use, including unintended consequences; ventilation, reduction of contacts, 
physical distancing, hand hygiene and cleaning and disinfecting measures), interventions that promote adherence to 
PHSMs, and the effectiveness of combinations of PHSMs ² does not incorporate all existing relevant evidence on 
PHSMs.  

o Ongoing work on this suite of products will allow us to broaden the scope of this review for a more comprehensive 
understanding of the effectiveness of PHSMs. 

o Decision-making with the best available evidence requires synthesizing findings from studies conducted in real-world 
settings (e.g., with people affected by misinformation, different levels of adherence to an intervention, different 
definitions and uses of the interventions, and in different stages of the pandemic, such as before and after availability 
of COVID-19 vaccines). 

 
Our approach to presenting findings with an appraisal of risk of bias (ROB) of included studies 
 
To ensure we used robust methods to identify, appraise and synthesize findings and to provide clear messages about the 
effects of different PHSMs, we: 
�x acknowledge that a lack of evidence from RCTs does not mean the evidence available is weak 
�x assessed included studies for ROB using the approach described in the methods box 
�x typically introduce the ROB assessments only once early in the document if they are consistent across sub-questions, sub-

groups and outcomes, and provide insight about the reasons for the ROB assessment findings (e.g., confounding with 
other complementary PHSMs) and sources of additional insights (e.g., findings from LES 20 in this series that evaluates 
combinations of PHSMs) 

�x note where there are lower levels of ROB where appropriate 
�x note where it is likely that risk of bias (e.g., confounding variables) may reduce the strength of association with a PHSM 

and an outcome from the included studies 
�x identify when little evidence was found and when it was likely due to literature search criteria that prioritized RCTs over 

observational studies. 
 
Implications for synthesizing evidence about PHSMs 
Despite the ROB for studies conducted at the population level that are identified in studies in this LES and others in the 
series, they provide the best-



LES 14.1b: Unintended consequences of masking in response to COVID-19  
 

4 
 

Findings 
�x Forty-six studies (30 randomized controlled 

trials [RCTs], 16 quasi-experimental) are 
included in this review. Thirty-four studies 
(n=1331) report on the physiological 
outcomes of masking, and 12 studies 
(n=2,148) report on the psychological 
and/or developmental outcomes of 
masking. Two of the 34 physiological 
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RCTs and conducted with healthy young adults aged 18-30 (23/32). 
�x Most common physiological parameters measured were HR, oxygen saturation (SpO2), Rating of 

Perceived Exertion (RPE) (See Appendix 4 for more information on RPE). 
�x RPE was recurrent in the data with significant unintended consequences in relation to dyspnea and to 

overall body discomfort. 
�x Surgical masks were the most frequently studied in community settings (26/32). 
�x Masking while exercising, although uncomfortable, is safe in young healthy people aged 18-30. 

 
Thirty-two studies (see Table 3) involved a variety of physical activity interventions (cycling ² 14, 

treadmill ² 7, walking ² 4, running ² 4, whole body vibration ² 1, performing light tasks ² 1, 

4
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approximate community settings. Six studies that involved a physical activity and that examined physiological 
outcomes with more heterogenous samples are illustrated in Table 1 and described below (Bar-
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significantly in CVD group wearing a N95 compared with NM: 36.0 ± 3.2 mm Hg vs 33.3 ± 4.4 mm Hg, P = 
0.019; control group: N95: 32.6 ± 2.8 mm Hg vs NM: 28.1 ±1.7 mm Hg, P <0.001. Serum lactate changes 
were not considered clinically critical and no significant changes in hemodynamic parameters (HR, BP). 
Authors conclude exercise testing while wearing a face mask is feasible for people with CVD. 

 
Martin et al. (pre-print) (Austria) evaluated (design not reported) the impact of SMs on HR and SpO2 

in a sample of 10 healthy individuals, five <30 years of age and five >45 years of age by having them climb 96 
steps. There was no significant difference in parameters measured and authors concluded that healthy adults 
wearing a SM while exercising did not experience a significant effect on oxygen supply or cardiac load. 

 
Morris et al. (2021) (Denmark) conducted a counter-balance crossover study of effects of mask 

versus NM on thermal comfort, perceived dyspnea, HR, SpO2, body temp, skin temp and cognitive function. 
The study sample n=8 male participants with a mean age of 35 carried out 45 minutes of light exercise in a 
climate chamber approximating work in healthcare settings. Cognitive assessments consisted of math 
calculations, body temp was rectal, skin temp was measured in two places on the face, dyspnea was measured 
with the Borg breathlessness scale and thermal comfort by a whole-body comfort scale. Perceived dyspnea 
worsened significantly with prolonged FM use P = 0.04, neither body temp nor facial temp were affected by 
masking. Cognitive performance, HR and SpO2 were not affected by mask wearing. 

 
Steinhilber et al. (2022) (Germany) conducted a randomized cross-over study in a sample n=39 of 

healthy adults, 20 men average age 38 and four were smokers. The study aim was to investigate whether face 
masks (SM, N95, cloth) would impair physical performance and affect physiological and subjective response 
during submaximal physical activity. Primary outcome was physical working capacity (watts/kg to measure 
mechanical load of the heart at a rate of 130 beats per minute) with and without mask. Additional outcomes 
SpO2, BP, pCO2, respiratory effort and perceived exertion (Modified Borg 0-10). Participants completed a 
cycle ergometry protocol to exhaustion. Masking had no statistically significant effect on physical 
performance, SpO2, BP and pCO2. RPE trended upward when masked (P < 0.05) 

 
Vogt et al. (2022) (USA) in a randomized crossover study examined the effects of different types of 

masks (NM, SM, and N95) on physiological and perceptual responses during 30-min of self-paced cycle 
ergometer exercise. The sample (n=19) consisted of community dwelling adults ranging in age from 54-83 
years, 9 males, 10 females, four with a history of CVD, six taking prescribed medications for hypertension, 
four with high cholesterol levels, two with sleep apnea, two with multiple sclerosis, one with type I diabetes, 
one with type II diabetes and two with vertigo. Outcomes included workload measured in watts (W), SpO2, 
etCO2, HR, RR, RPE, RPD. RPE, RPD, and etCO2 were significantly higher with a N95-mask vs. NM (P = 
0.012), (
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surface disease, an intervention group n=54, mean age 23.8, 14 females and 40 males wore a SM for one hour 
and had non-invasive tear break-up time (NITBUT), phenol red thread (PRT), osmolarity, tear meniscus 
height, tear fern (TF, a test of the eye film), and tear evaporation rate (TER) tests before and after. The 
control group had the same tests one hour apart. Participants also completed questionnaires to rate dry eye 
presence. Comparisons of participant self-reports of dry eyes with NITBUT results demonstrated strong 
correlations (r = 0.590; P < 0.001), NITBUT measurements (r = 0.631; P < 0.001), and the tear ferning 
(drying a small sample of tear fluid onto a microscope slide) grades (r = 0.517; P < 0.001) before and after 
wearing the mask. Authors conclude wearing SMs for short periods of time alters tear film contributing to dry 
eye symptoms. 

 
Summary of findings about primary outcome 2: Unintended psychological and/or developmental 
consequences of masking 
  
 Twelve studies were included that report on the unintended psychological and/or developmental 
consequences of masking. The characteristics, findings, and assessment of risk of bias for each study are 
presented in Table 5.  
 
Communication and masking 
 
Key observations 

�x Masks significantly impair facial emotion recognition, possibly leading to difficulty with expressing 
and or recognizing emotional states during brief interactions. 

�x Misperceptions of expressions of emotions such as surprise, fear, anger, disgust and happiness while 
masked are common. 

�x Masks attenuate the accuracy of voice recognition in noisy environments. 
�x SMs may have a slight edge compared to N95 and cloth in contributing to accuracy of voice 

recognition. 
 

In response to this question the data from included studies addressed emotion (4) (Grenville & Dwyer, 
2022; Gulbetekin et al., pre-print 2022; Langbehn et al., pre-print 2020; Rinck et al., 2022; Shepherd & 
Rippon, 2023 low ROB) as well as speech/acoustic recognition (4) (Lin et al., in press; Joshi et al., in press; 
Toscano & Toscano, 2021; Polo and Lã, pre-print 2021 low ROB) across nine studies. These studies are 
summarized in Table 2 and described below. One of the emotion studies had low ROB, and one of the 
speech/acoustic recognition studies, a pre-print, had low ROB. The remainder were moderate. 

 
Table 2: Psychological and/or developmental results, emotion and speech/acoustic recognition and 
masking 

Citation Country n Mask type Results 
Recognition type: emotion 
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Shepherd and Rippon (2023) (UK) conducted a RCT to examine the impact of FMs on facial 
emotion recognition in a sample n=199, of masked n=102, and unmasked n=97 participants, with a mean age 
of 37.44, and an age range of 18-73. The masked group had n=39 males, mean age 43.51, range 20-69, 63 
females, mean age 32.10, range 19-68. The unmasked group had n=39 males, mean age 43.72, range 20-66, 
and n=58 females, mean age 34.93, age range 18-73. Participants briefly viewed facial expressions from the 
Radboud Fa
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dimensions of the voice such as frequency, intensity, perturbation (vocal fold vibration) and aerodynamics 
increased. 

 
Gulbetekin et al. (2022) (pre-print) (Turkey) studied mask use influence on a) face recognition; b) 

facial expression recognition; c) interaction with facial expression and race of the other person to influence 
social distancing in three separate experiments. In experiment 1 the sample was n=102 (80 female, 20 male), 
with a mean age of 20.4±2.8. Participant accuracy in matching facial stimuli under four conditions was tested: 
D��ERWK�IDFHV�XQPDVNHG��E��ERWK�IDFHV�PDVNHG��F��VDPSOH·V�IDFH�XQPDVNHG�DQG�WHVW�IDFH�PDVNHG��G��VDPSOH·V�
face masked and test face unmasked. Accuracy for Caucasian faces (n = 102, M = 0.96±0.08) was higher than 
for Asian faces (n = 102, M = 0.92±0.09). The mask condition had a significant effect on accuracy F(2.6, 
�������� ��������3� �������ƧS�� �������3DUWLFLSDQWV�GHPRQVWUDWHG�the highest performance when they were 
shown an unmasked sample and tested with unmasked faces. In comparison, they produced the worst 
performance when shown an unmasked sample and tested with masked faces. In experiments 2 and 3 the 
sample was n=134 (105 female, 29 male), with a mean age of 21±1.6. In experiment 2, researchers tested the 
accuracy in correctly matching an emotion to a presented facial expression. The results indicated a significant 
PDLQ�HIIHFW�RI�PDVN�)�������� ���������3� ��������ƧS�� �������UDFH�)�������� ���������3� �������ƧS�� ������
DQG�HPRWLRQ�)����������� ���������3� �������ƧS�� �������([SUHVVLRQV�ZHUH�EHWWHU�recognized on unmasked 
faces (n = 134, M =0.75±0.08) than masked faces (n = 134, M =0.55±0.09). They were also recognized 
better on Caucasian faces (n = 134, M =0.71±0.09) than they were on Asian faces (n = 134, M =0.58±0.08). 
The expressions from the best recognized to the least recognized were happy (n = 134, M =0.84±0.16), 
neutral (n = 134, M =0.73±0.15), disgust (n = 134, M =0.56±0.10) and fear (n = 134, M =0.45±0.15) 
respectively. In experiment 3 the researchers looked at preference for amount (meters) of social distance 
participant would want from presented face/mask/emotion conditions. The results indicated a significant 
PDLQ�HIIHFW�RI�PDVN�ZHDULQJ�)�������� ���������3� ��������ƧS�� ������DQG�HPRWLRQ�)��������������� �
��������3� �������ƧS�� �������7KH�SDUWLFLSDQWV�WHQGHG�WR�LQGLFDWH�D�SUHIHUHQFH�IRU�D�ZLGHU�VRFLDO�GLVWDQFH�IURP�
unmasked faces (n = 134, M =4.47±1.72) in comparison to masked faces (n = 134, M =3.62±1.49) and 
preferred greater social distances to faces having an expression of disgust (n = 134, M =4.66±1.59), fear (n = 
134, M =4.52±1.56), neutrality (n = 134, M =3.63±1.67) and happiness (n = 134, M =3.37±1.66) 
respectively. 

Joshi et al. (in press) (USA) focused on mask type in relation to six mask conditions (NM, cloth, SM, 
KN95, SM over KN95, with and without a face shield) and alterations to SPL parameters. In a sample n=19 
of 10 females and 9 males the mean age and range were 30.5 years and 18-56 years respectively. Participants 
voices were assessed and recorded at baseline and considered to have normal voice quality. This was followed 
by recordings wearing the various masks and at 1-foot and 6-foot distances. Study results found no significant 
impact of mask type on SPL level parameters of voice intensity, fundamental frequency, Cestral Peak 
Prominence (CPP) or formant frequency. There was statistical significance between males and females for 
intensity measures with males having higher intensity levels. 
 

Similarly, Toscano and Toscano (2021) (USA) investigated the effects of four types of masks (SM, 
N95, cloth x 2) on speech/voice recognition in low and high levels of background noise. The study sample 
Q �����ZLWK����IHPDOHV�DQG�D�PHDQ�DJH�RI����ZRUNLQJ�IRU�$PD]RQ·V�0HFKDQLFDO�7XUN���5HFRUGLQJV�ZHUH�
prepared for participants to assess in conditions of low and high noise levels with each of the talkers wearing 
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followed by N95. All completed the 10 item Voice Handicap Index (VHI). Results demonstrated both 
Portuguese and Spanish speakers reported a higher self-perceived voice handicap. 
 
Cognition and masking 
 
Key observations 

�x Masking did not impact cognitive performance in healthy young adults (18-30) and school children 
grades 5-7. 

�x Mild but significant changes in HR and SpO2 did not attenuate cognitive performance in university 
students. 

�x Rating of perceived dyspnea with mask wearing is a possibility. 
 

Four studies examined the effects of masking on cognition, one using a warm-up exercise (Slimani et al., 
2021), and three had participants perform cognition related activities (Schlegtendal et al., 2022; Spang and 
Pieper, 2021 low ROB; Tornero-Aguilera & Clemente-Suarez, 2021 low ROB). Two of the four studies had 
low ROB and two moderate ROB. One study examined cognitive function via visual attention during 
maximum aerobic exercise (Slimani et al. 2022).
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Cardiology, 173, 1-7. 
https://doi.org/10.1016/j.amjcard.2022.02.056   

min of constant load at 25 W 
increased every minute for 25 
W using a ramp protocol while 
wearing SM or N95 
 
Sample: n=50, 40 individuals 
with CVD and 10 healthy 
controls, mean age intervention 
group 58, 13 women, control 
26, 10 men 
 
Key outcomes

https://doi.org/10.1371/journal.pone.0258104
https://doi.org/10.1371/journal.pone.0258104
https://doi.org/10.1371/journal.pone.0258104
https://doi.org/10.1123/jpah.2022-0145
https://doi.org/10.1123/jpah.2022-0145
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released 

Setting  Study characteristics Summary of key findings 
in r001180nry o(um)-3(m)-5(a)4(r)-5(y)-5( o)-3(f k)8(e)-5(y)-5( fi)8ics

https://doi.org/10.1123/jpah.2022-0145
https://doi.org/10.1111/cpf.12734
https://doi.org/10.1111/cpf.12734
https://doi.org/10.1111/cpf.12734
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Reference Date 
released 

Setting  Study characteristics Summary of key findings 
in relation to the 
outcome 

JBI critical 
appraisal/ROB 

Sample: 72 healthy young 
adults who exercised regularly, 
1 smoker, 33 women, 29 men, 
mean age 23.9 
 
Key outcomes: ease of 
breathing score, SpO2, HR, 
perceived impact of mask 

Lässing, J., Falz, R., Pökel, C., Fikenzer, S., Laufs, 
U., Schulze, A., Hölldobler, N., Rüdrich, P., & 
Busse, M. (2020). Effects of surgical face masks 
on cardiopulmonary parameters during steady 
state exercise. Scientific Reports, 10, Article 22363. 
https://doi.org/10.1038/s41598
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Reference Date 
released 

Setting  Study characteristics Summary of key findings 
in relation to the 
outcome 

JBI critical 
appraisal/ROB 

�x The results suggest 
CO2 trapping inside 
the mask. Wearing an 
N95 mask may be less 
comfortable for older 
adults during 
prolonged exercise. 

Wong, A. Y., Ling, S. K., Louie, L. H., Law, G. 
Y., So, R. C., Lee, D. C., Yau, F. C., & Yung, P. S. 
(2020). Impact of the COVID-19 pandemic on 
sports and exercise. Asia-Pacific Journal of Sports 

https://doi.org/10.1016/j.asmart.2020.07.006
https://doi.org/10.1016/j.asmart.2020.07.006
https://doi.org/10.1177/19417381211028212
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Table 4: Summary of studies reporting on physiological measures of eye surface and masking (no exercise involved) 

Reference Date 
released 

Setting Study characteristics Summary of key findings in 
relation to the outcome 

JBI critical 
appraisal/ROB 

Alanazi, M. A., El-Hiti, G. A., Al-Tamimi, 
R., Bawazir, A. M., Almutleb, E. S., Fagehi, 
R., Alanazi, S. A., & Masmali, A. M. (2022). 
Assessment of the effect of wearing a 
surgical face mask on tear film in normal eye 
subjects. Journal of Ophthalmology, 2022, 
Article 2484997. 
https://doi.org/10.1155/2022/2484997   

16 August 
2022 

Saudi 
Arabia 

Design: Non-randomized 
experimental study 
 
Intervention: Wearing a face 
mask versus not wearing a face 
mask  
 
Sample: 104 participants. 52 in 
intervention group (14 female, 
40 male, mean age 23.8±4.4), 50 
in control group (15 female, 35 
male, mean age 22.9±4.1) 
 
Key outcomes: Severity of dry 
eye symptoms using the SPEED 
questionnaire. NITBUT was 
recorded as the number of 
seconds between blinks, 
appearance of dry spot in the 
tear film. 

�x Control group: no 
significant differences 
between variables  

�x Significant differences were 
found between the SPEED 
scores (P = 0.002) and the 
NITBUT (P < 0.001), 
before and after wearing a 
face mask. 

 

Moderate 

Marta, A., Marques, J. H., Almeida, D., José, 
D., Sousa, P., & Barbosa, I. (2022). Impact 
of COVID-19 pandemic on the ocular 
surface. World Journal of Clinical Cases, 10(27), 
9619-9627. 
https://doi.org/10.12998/wjcc.v10.i27.9619   
 

26 
September 
2022 

Portugal Design: Non-randomized 
experimental study (case-
control) 
 
Intervention: Multimodal 
ocular surface evaluation 
between August 2019 and April 
2021 
 
Sample: 274 participants 
(43.4% male, 56.6% female, 
mean age 66.15±13.4). Group 1 
(before lockdown Aug 2019 ² 
Mar 2020), Group 2 (after 
lockdown without mask 
mandate Apr 2020 ² Oct 2020), 
Group 3 (after lockdown with 

�x Mean lipid layer thickness 
significantly better in group 
2 (P = 0.001) and 3 (P < 
0.001) compared to group 
1  

�x Schirmer test better in 
group 3 (P = 0.002) 
compared to group 1  

�x Tear osmolarity and loss of 
area to meibomian glands 
significantly worse in group 
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Table 5: Summary of studies reporting on the psychological and/or developmental outcomes of masking in response to COVID -19 
Reference Date 

released 
Setting Study characteristics Summary of key findings 

in relation to the outcome 
JBI critical 
appraisal/ROB 

Grenville, E., & Dwyer, D. M. (2022). Face 
masks have emotion-dependent dissociable 
effects on accuracy and confidence in 
identifying facial expressions of emotion. 
Cognitive Research: Principles and Implications, 7, 
Article 15. https://doi.org/10.1186/s41235-
022-00366-w   
 

15 July 
2022 

United 
Kingdom 

Design: Randomized 
controlled trial 
 
Intervention: NM, a posed 
mask, or imposed mask  
 
Sample: 100 (91 female, 9 
male) psychology 
undergraduate students, mean 
age 19.5±2.34. 80 white, 15 
Asian, 1 black, and 4 mixed; 
all participants reported 
normal or corrected-to-
normal vision. 
 
Key outcomes: 3DUWLFLSDQWV·�
accuracy and confidence in 
identifying the emotions (i.e., 
anger, disgust, fear, happiness, 
neutral, sadness) portrayed in 
photographs presented to 
them of people wearing NM, 
a posed mask, or imposed 
mask. 

�x The accuracy of emotion 
recognition from faces 
can become impaired 
when the lower part of 
the face is obscured by 
masks, but the effect is 
not consistent across all 
emotions investigated in 
this study. It was absent 
or reversed for the 
emotions of anger, fear, 
and neutral emotions.  

�x Accuracy was highest for 
happiness and sadness, 
there was a clear effect 
from the masks.  

�x Accuracy was generally 
the same for the posed 
mask and imposed mask 
conditions.  

�x 3DUWLFLSDQWV·�FRQILGHQFH�
in their emotion 
judgements was higher 



LES 14.1b: Unintended consequences of masking in response to COVID-19  
 

39 
 

Reference Date 
released 

Setting Study characteristics Summary of key findings 
in relation to the outcome 

JBI critical 
appraisal/ROB 

other person to influence 
social distancing 
 
Sample: Experiment 1: 102 
participants (80 female, 20 
male) mean age 20.4±2.8. 
Experiments 2 & 3: 134 
participants (105 female, 29 
male) mean age 21
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Reference 
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Reference Date 
released 

Setting Study characteristics Summary of key findings 
in relation to the outcome 

JBI critical 
appraisal/ROB 

Research Square. 
https://doi.org/10.21203/rs.3.rs-133686/v1    
 

surgical, cloth) while 
communicating emotion 
 
Sample: Experiment 1: 162 
participants (55% male, 45% 
female), mean age 
36.46±10.85 
Experiment 2: 60 participants 

10.85

1: 162 
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Reference Date 
released 

Setting Study characteristics Summary of key findings 
in relation to the outcome 

JBI critical 
appraisal/ROB 

assessment during the COVID-19 pandemic. 
Journal of Voice. 
https://doi.org/10.1016/j.jvoice.2021.04.028   
 

 
Intervention: Medical masks 
worn while producing /a/ 
sound 
 
Sample: 53 participants, 25 
male, 28 female, mean age 
42.62±14.43 
 
Key outcomes: 1) Acoustic 
parameters including a) 
fundamental frequency b) 
sound pressure level c) 
percentage of jitter d) 
percentage of shimmer e) 
noise to harmonic ratio f) 
cepstral peak prominence; 2) 
Formant parameters including 
a) F1 b) F2 c) F3 d) maximal 
phonation time 

included sound pressure 
level (P = 0.021), jitter (P 
= 0.005), and shimmer 
(P = 0.002) 

�x A significant decrease 
was noted in F3 (P = 
0.004) while wearing a 
face mask 

�x Significant decrease in 
maximum phonation 
time among participants 
>45yr while wearing 
masks, and a significant 
increase in participants 
<45yr (P = 0.032) 

Polo, N., & Lã, F. M. B. (pre-print). Self
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Reference Date 
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Reference 
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Reference Date 
released 

Setting Study characteristics Summary of key findings 
in relation to the outcome 

JBI critical 
appraisal/ROB 

recognition of happiness, 
t(197)=7.60, P < 0.00; d 
= 1.09, sadness, t(197) = 
13.8, P < 0.001; d = 
1.96, fear, t(197) = 8.2, P 
< 0.001; d = 1.16, 
surprised, t(197) = 7.83, 
P < 0.001; d = 1.11, and 
disgust, t(197) = 14.18, P 
< 0.001; d = 2.01 

�x Participants who viewed 
masked faces reported 
higher levels of empathic 
concern (M = 23.35, SD 
= 3.44) than unmasked 
faces (M = 22.42, SD = 
3.22), t(197) = 1.97, P = 
0.05; d = 0.28) 

Spang, R. P., & Pieper, K. (2021). The tiny 
effects of respiratory masks on physiological, 
subjective, and behavioral measures under 
mental load in a randomized controlled trial, 

https://doi.org/10.1038/s41598-021-99100-7
https://doi.org/10.1038/s41598-021-99100-7
https://doi.org/10.1038/s41598-021-99100-7
https://doi.org/10.1038/s41598-021-99100-7
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Reference Date 
released 

Setting Study characteristics Summary of key findings 
in relation to the outcome 

JBI critical 
appraisal/ROB 

Tornero-Aguilera, J. F., & Clemente-Suárez, V. 
J. (2021). 

https://doi.org/10.1016/j.physbeh.2021.113342
https://doi.org/10.1016/j.physbeh.2021.113342
https://doi.org/10.1016/j.physbeh.2021.113342
https://doi.org/10.1371/journal.pone.0246842
https://doi.org/10.1371/journal.pone.0246842
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Figure 1: PRISMA 2020 Flow Diagram  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/  

http://www.prisma-statement.org/
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Appendices 
 
Appendix 1: Detailed search strategy 
 
Database: Ovid MEDLINE(R) ALL 1946 to February 22, 2023 
Date: February 22nd, 2023 
Filters: 
Review - MEDLINE.  Best balance of sensitivity and specificity. In Search Filters for MEDLINE in Ovid 

Syntax and the PubMed translation. Health Information Research Unit, McMaster University. 
https://hiru.mcmaster.ca/hiru/HIRU_Hedges_MEDLINE_Strategies.aspx#Reviews  

Therapy - MEDLINE.  Maximizes sensitivity. In Search Filters for MEDLINE in Ovid Syntax and the 
PubMed translation. Health Information Research Unit, McMaster University. 
https://hiru.mcmaster.ca/hiru/HIRU_Hedges_MEDLINE_Strategies.aspx#Therapy  

Line 3 adapted from:  
Adverse Events - Drugs - Standard - MEDLINE, Embase. In: CADTH Search Filters Database. Ottawa: 

CADTH; 2023: https://searchfilters.cadth.ca/link/2. Accessed 2023-02-15.  
Golder, S., & Loke, Y. K. (2012). The performance of adverse effects search filters in MEDLINE and 

EMBASE. Health Info Libr J, 29(2), 141-151. https://doi.org/10.1111/j.1471-1842.2012.00980.x

https://hiru.mcmaster.ca/hiru/HIRU_Hedges_MEDLINE_Strategies.aspx#Reviews
https://hiru.mcmaster.ca/hiru/HIRU_Hedges_MEDLINE_Strategies.aspx#Therapy
https://searchfilters.cadth.ca/link/2.%20Accessed%202023-02-15
https://doi.org/10.1111/j.1471-1842.2012.00980.x
https://doi.org/10.1111/j.1471-1842.2006.00634.x
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or matched control or (unobserved and heterogeneity) or non-randomized or nonrandomized or non-
randomised or nonrandomised or pretest-posttest).ti,ab,kf. 

9 cohort studies/ or longitudinal studies/ or follow-up studies/ or prospective studies/ or retrospective 
studies/ or (cohort or longitudinal or prospective or retrospective).ti,ab,kf. 

10 
Case-Control Studies/ or retrospective studies/ or Control Groups/ or ((case and control) or (cases 
and controls) or (cases and controlled) or (case and comparison*) or (cases and comparison*) or 
control group or control groups).ti,ab,kw. 

11 1 and 2 and 5 and 6 [will retrieve Reviews] 
12 1 and 2 and 5 and 7 [will retrieve RCTs] 
13 1 and 2 and 5 and 8 [will retrieve Quasi-experimental studies] 
14 1 and 2 and 5 and 9 [will retrieved Cohort studies] 
15 1 and 2 and 5 and 10 
16 (or/11-15) and English.lg. 
17 16 not (exp Animals/ not (exp Animals/ and exp Humans/)) 
18 limit 17 to yr="2020 -Current" 
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Appendix 2: Data extraction form 
 
General Information: 

�x Covidence ID 
�x Lead author 
�x Title of article 
�x Country in which the study was conducted 

Methods: 
�x Aim of study 
�x Study design 
�x Methods 
�x Mask type 

Participants: 
�x Sample description 
�x Participant age 
�x Participant gender 
�x Inclusion criteria 
�x Exclusion criteria 
�x Exercise type (exercise studies only) 
�x Exercise duration (frequency and time) (exercise studies only) 

Outcomes: 
�x Table of outcome measures (exercise studies only): 

 No mask N95 Surgical mask Cloth or community 
mask 

SpO2     
Heart rate     
Blood pressure     
RPE/SoB/dyspnea      
Respiratory rate     
CO2     
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Appendix 3: Approach to critical appraisal 
 
JBI Critical Appraisal Tool for Assessment of Risk of Bias for Randomised Controlled Trials (Barker et al., 
2023) was used to access RCTs. JBI Checklist for Quasi-Experimental Studies (Non-Randomized 
Experimental Studies) (Tufanaru et al., 2020) was used to assess non-randomized experimental studies. JBI 
Checklist for Case Control Studies (Moola et al., 2020) was used to assess case control studies. All studies 
included for data extraction were evaluated in full. 
 
Quality rankings were assigned according to scores. For RCTs, high risk of bias (ROB) is 0-5/13 points, 
moderate is 6-9/13 points, and low is 10-13/13 points. For non-randomized experimental studies high ROB 
is 0-3/9  points, moderate is 4-6/9  points, and low is 7-9/ 9 points. For case-control studies high ROB is 0-
4/10 points, moderate is 5-7/10 points, and low is 8-10/9 points. 
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Appendix 4: Rating of Perceived Exertion (RPE) and Borg Scale 

The consistent use of the Rating of Perceived Exertion (RPE) and/ or the Borg scale is noteworthy in 
the exercising while masked and unmasked across the review studies. Overall, authors did not clearly 
distinguish the two but rather seemed to use the terms interchangeably. There is some difference between the 
two. The original Borg scale has a range of 6-20, no exertion to maximum effort and considered to correlate 
ZLWK�WKH�SHUVRQ·V�KHDUW�UDWH (HR), and self-perception of how hard they are working. Effort was measured by 
selecting a number between 6-20, adding a 0 which should reflect the HR, therefore a score of 11 would equal 
a HR of 110. Borg also developed the modified RPE with scores ranging from 0-10, 0 meaning no exertion 
and 10 meaning maximum. According to Borg "1" on this scale equals lying on a couch and 10 equals 
pushing a car up a steep hill. This scale corresponds more with breathlessness. Studies in this review 
frequently used the term Borg dyspnea scale rather than RPE, however, some used both. If comparing the 
two scales the Borg 1112 792 re

he 

https://www.healthline.com/health/RPE#the-scale

