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Abstract

Objectives. As specialists of the upper airway, otolaryngolo-
gists are at high risk for COVID-19 transmission. N95 and
half-face respirator (HFR) masks are commonly worn, each
with advantages in functionality and comfort. In this study,
physiologic and psychological parameters of prolonged N95
vs HFR wear were compared.

Study Design. Prospective crossover cohort study.

Setting. Single academic tertiary care hospital.

Methods. A prospective crossover cohort study was per-
formed. Healthy otolaryngology trainees and medical stu-
dents (N = 23) participated and wore N95 and HFR masks
continuously for 3 hours each on separate days. Various
measures were analyzed: vitals, spirometry variables, scores
on the State-Trait Anxiety Inventory and HIT-6 (Headache
Impact Test–6), distress, and ‘‘difficulty being understood.’’

Results. The average age was 26.3 years (SD, 3.42). There
were no significant differences in vital signs and spirometry
variables between N95 and HFR wear. N95 wear was asso-
ciated with decreases in oxygen saturation of approximately
1.09% more than with HFRs (95% CI, 0.105-2.077). State-
Trait Anxiety Inventory scores increased more with HFR
wear when compared with mean changes with N95 wear
(95% CI, 1.350-8.741). There were no significant differences
in HIT-6 scores or distress levels between masks. The pro-
portions of participants reporting difficulty being under-
stood was significantly higher with HFRs.

Conclusions. Oxygen saturation decreases with prolonged N95
wear, but anxiety and difficulty being understood are greater
with HFR wear. Although HFRs have less resistance to gas
exchange, N95 respirators may produce less anxiety and dis-
tress in clinical situations. Further studies are warranted to
evaluate the clinical significance of these differences.

Level of Evidence. 2.
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I
n December 2019, SARS-CoV-2 cases emerged in

China’s Hubei province and have since resulted in a

COVID-19 pandemic.1,2 The virus presents variably from

asymptomatic or mild symptoms, such as cough, body aches,

and gastrointestinal disturbance, to severe illness leading to

respiratory compromise, multiorgan system failure, and

death. According to the Centers for Disease Control and

Prevention, .30,000,000 cases and 550,000 deaths have been

reported in the United States alone.3

COVID-19 can be transmitted through inhalation of con-

taminated droplets aerosolized by sneezing or coughing or

through contact via oral, nasal, and eye mucous.2,4 As special-

ists of the upper aerodigestive tract, otolaryngologists are par-

ticularly vulnerable to transmission. Otolaryngologists

commonly perform flexible nasopharyngoscopy and tracheot-

omy, which generate large quantities of aerosol-generating

secretions.5,6 Utilization of respiratory personal protective
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equipment is of the utmost importance during the pandemic,

especially for high-risk otolaryngologists.6

The World Health Organization recommends using dispo-

sable N95 respirators for aerosolizing procedures. The N95

class of filtering facepiece respirator is the most commonly

used respiratory protection device in health care settings in

the United States.7 ‘‘N95’’ indicates that the respirator blocks

at least 95% of 300-nm particles.8,9 N95 respirators do not

contain exhalation valves, contributing to increased resistance

to exhalation and recirculation of carbon dioxide. The half-

face respirator (HFR) is a nondisposable approved alternative

to N95 respirators. HFRs filter at least 95% of aerosolized par-

ticles and are similarly fitted. Additionally, HFRs are less sub-

ject to the effect of varying temperature and humidity,

prolonged wear, and repeat use.

Due to the nature of the surgery and clinic procedures, oto-

laryngologists often wear respirators for many continuous

hours. Several studies have demonstrated that N95 respirators

contribute to headaches, anxiety, higher temperature sensa-

tion, and faster breathing.10-13 We theorized that HFRs would

cause less distress due to decreased exhalation resistance and

therefore increase comfort.14-18 To our knowledge, studies

investigating the physiologic and psychologic impact of pro-

longed wear of both masks have not been conducted. We aim

to analyze the physiologic and psychological impact of pro-

longed, continuous N95 and HFR wear in otolaryngology trai-

nees and medical students while performing activities

mimicking several hours of typical trainee hospital tasks.

Materials and Methods

Participant Recruitment

This prospective crossover cohort study was conducted at the

campus of the Miller School of Medicine, University of

Miami, over several weekends between July and October

2020. Informational flyers were sent to university otolaryn-

gology residents, fellows, and medical students for recruit-

ment. Volunteers with preexisting cardiopulmonary

conditions (except mild asthma) and anxiety disorders were

excluded. Volunteers who were pregnant, had symptoms of

viral infection, and/or had a history of COVID-19 diagnosis

were also excluded. Participants committed to 2 study dates

and served as their own controls, wearing an N95 mask (1860

or 1860S; 3M) on 1 day and an HFR (6000, 6500, or 7500

series; 3M) another day, each for 3 consecutive hours. The

HFR was utilized with P95 or P100 pancake filters or car-

tridges. Participants were randomly assigned to wear either

mask on day 1 of the two-day study. Experimental days were

dependent on participant availability, but mask wear was

separated by at least 21 hours if experimental days were con-

secutive. Subjects donned masks and performed a user seal

check. If participants had not been fitted for an N95 or HFR, a

standardized fit test (Bitrex; Allegro) was performed on-site

prior to study initiation. Social distancing was enforced as

standard COVID-19 precautions.

Experimental Design and Data Collection

The study design was approved by the University of Miami

institutional review board. Informed consent was obtained on

the first day. Upon arrival, participants completed a general

health questionnaire that included information on demo-

graphics, tobacco and alcohol use, medical and surgical his-

tory, and medications. Baseline distress measures were

obtained with the Headache Impact Test–6 (HIT-6) and the

state portion of the State-Trait Anxiety Inventory (STAI;

Form Y). HIT-6 has been validated as a tool that assesses the

psychometric impact of headaches in patients, and STAI is a

validated questionnaire that is sensitive in predicting care-

giver distress.19-21

Physiologic parameters of heart rate, blood pressure, tem-

perature, and oxygen saturation level were recorded after

survey administration, prior to caffeine or food intake. A non-

invasive capnography machine was used to record respiratory

rate and carbon dioxide levels (partial pressure of carbon

dioxide [PaCO2]), and spirometry was performed by an expe-

rienced pulmonologist. Spirometry values of interest included

forced vital capacity (FVC), forced expiratory volume in 1

second (FEV1), FEV1/FVC, and peak expiratory flow (PEF).

All baseline measurements were gathered with participants

wearing a provided hospital-grade ear-loop mask. The ear-

loop mask was worn over the experimental mask for the

remainder of the experiment.

The day was structured to mimic a typical work morning

for trainees. Contiguous activities were performed as outlined

in Figure 1: sitting upright in a chair, standing upright, climb-

ing up and down stairs, and walking briskly indoors and out-

doors. At the end of the scheduled activities, participants

completed the HIT-6 and STAI questionnaires again. A series

of additional questions were administered, assessing if partici-

pants felt that others had difficulty understanding them in reg-

ular conversation during mask wear (yes/no), duration of this

difficulty (0%, 25%, 50%, 75%, 100% of time), feelings of

distress during mask wear (yes/no), and duration of this dis-

tress (0%, 25%, 50%, 75%, 100% of time). These questions

were created by investigators prior to the study based on

common complaints in the workplace with respirator wear.

Postexperimental evaluation of distress levels on a scale of 0

to 10 was also included, similar to the validated Subjective

Units of Distress Scale for anxiety.22 Postactivity vitals,

PaCO2, and spirometry measures were recorded. The same

experimental design was repeated on a second day with the

other mask.

Statistical Analysis

Continuous variables were summarized with means and 95%

CIs for both masks, before and after completion of tasks. For

these measures, change from baseline was calculated for each

individual with the N95 and HFR. To determine whether the

changes seen with N95 masks were different from the HFR,

we calculated the difference in their shifts (ie, N95 shift –

HFR shift), which was important for controlling between-
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person variation. The difference in shifts was considered sig-

nificant if the 95% CI excluded zero, suggesting evidence in

favor of a difference between HFR and N95. Due to the order

of the subtraction (ie, N95 shift – HFR shift), if the difference

in shifts was negative, we infer that the change for HFRs was

larger than for N95 masks. Normality was assessed with the

Shapiro-Wilk test and quantile-quantile plots. Categorical

variables were displayed as proportions, and differences

between N95 and HFR were determined through Fisher’s

exact test with Bonferroni correction. Significance was

declared for P\ .05. For a sample size of 22 and a paired dif-

ference for which a 95% CI is calculated, we are powered to

detect an effect size of 0.62 with an 80% chance of detection,

which is a medium effect size.23 Analyses were performed in

R version 4.0.0 and SAS version 9.4 (SAS Institute).

Results

Demographics

In total, 23 volunteers participated in the study: 9 otolaryngol-

ogy trainees and 14 medical students. One trainee participated

in only the N95 arm due to scheduling conflicts and was there-

fore excluded from paired analyses. The average age of parti-

cipants was 26.3 years with a standard deviation of 3.42

(range, 20-33). Pertinent preexisting conditions included mild

asthma (8.7%), allergic rhinitis (26.1%), and prior diagnosis

of headaches/migraines (30.4%). None of the participants

were immunocompromised, reported regular tobacco use,

consumed .1 alcoholic beverage daily, or indicated voice

disorders. Demographic features and medical histories are

summarized in Table 1.

Figure 1. Flow of day. Flowchart depicting the structure of experimental days. Total duration of mask wear was approximately 3 hours each.

Table 1. Demographic Features of Participants.

No. (%)

Sex

Male 13 (56.5)

Female 10 (43.5)

Race

White 18 (78.2)

Asian 2 (8.7)

More than one 2 (8.7)

Other 1 (4.3)

Ethnicity

Hispanic 5 (21.7)

Non-Hispanic 18 (78.3)

Medical history

Mild asthma 2 (8.7)

Allergic rhinitis 6 (26.1)

Headaches or migraines 7 (30.4)

Smoking history

Never 21 (91.3)

Irregular use 1 (4.3)

Regular use 1 (4.3)

Cohen et al 3



Vital Signs

Figure 2A displays the distribution of vital signs before

and after completion of tasks with N95 and HFR masks. We

found no significant difference for any vital sign with N95 or

HFR mask use. We also found no significant differences in

vital sign shifts between N95 and HFR masks (Figure 2B).

Spirometry

Spirometry variables, oxygen saturation (SaO2), and PaCO2

for each mask before and after task completion are depicted as

vertical dot plots with 95% CI (Figure 3A). The SaO2 values

were significantly different before and after N95 use, with

mean values of 98.2% (95% CI, 97.6%-98.8%) and 96.8%

(95% CI, 96.1%-97.5%), respectively. Although the differ-

ence in mean SaO2 before and after N95 use was small

(1.35%), this finding suggests that N95 mask wear for 3 con-

tinuous hours may reduce SaO2. The clinical significance of

this finding is unknown and likely dependent on clinical con-

text. There were no other significant differences in spirometry

variables and PaCO2 after use of the N95 or HFR mask. We

found no significant differences for the shifts from baseline

between the N95 and HFR groups for FEV1, FVC, FEV1/

FVC, peak expiratory flow, and PaCO2 (Figure 3B).

However, use of N95 masks was significantly associated with

greater reductions in SaO2 than with HFR masks by an aver-

age of 21.09% (95% CI, 22.08% to 20.11%).

STAI, HIT-6, and Distress Levels

The distributions of STAI, HIT6, and distress scores with N95

and HFR masks are depicted as vertical dot plots with 95%

CIs (Figure 4A). The STAI scores were significantly differ-

ent before and after HFR mask use, with mean scores of 29.65

(95% CI, 25.68-33.59) and 41.09 (95% CI, 35.12-47.06),

respectively. No differences in STAI scores were seen before

and after N95 wear. Although there seemed to be an increase

in mean HIT-6 scores after HFR wear, there were no statisti-

cally significant changes before and after HFR use. There

were also no significant differences in mean distress levels

after mask wear between conditions.

Shifts from baseline for the STAI and HIT-6 scores for

the N95 and HFR masks are displayed in Figure 4B. N95

masks were associated with smaller increases in STAI scores

than HFR masks by a mean of 25.05 (95% CI, 28.74 to

21.35), which was significant. The increase in HIT-6 scores

with HFRs was on average 2.5 points greater than in N95

scores; however, this was not significant (95% CI, 25.03 to

0.33).

The mean distress levels after N95 and HFR wear were

3.00 (95% CI, 1.78-4.22) and 5.14 (95% CI, 3.77-6.50),

respectively. Although the mean distress level was 1.5 points

higher with HFRs, the difference was not significant (95% CI,

20.42 to 3.42).

Distress and Difficulty Being Understood

The proportions of participants experiencing distress and the

approximate duration of distress during N95 and HFR were

analyzed (Figure 5A and B). Although the proportions of

participants who experienced no distress and 0% duration of

distress were higher with N95, there were no significant dif-

ferences between masks. The proportions of participants

experiencing difficulty being understood with the N95 and

HFRs and the approximate duration of difficulty are depicted

in Figure 5C and D. There was a nearly significant difference

in the proportions for difficulty being understood between the

masks (P = .0051), with more participants reporting difficulty

with HFRs. We also observed a difference for duration of diffi-

culty between the N95 and HFRs per Fisher’s exact tests (P =

.0252), with a greater proportion reporting 0% duration with

N95 masks; however, this was not statistically significant after

Bonferroni correction for multiple comparisons.

Discussion

Disposable N95 masks and nondisposable HFRs are 2 types

of particulate-filtering facepiece respirators. HFRs possess

exhalation valves that keep exhalation resistance low and pre-

vent humidity buildup within the mask. Several studies have

investigated the effects of particulate filtering facepiece

respirators without exhalation valves on CO2 retention.16,17

Epstein et al reported that exercising with N95 masks was

associated with a significant increase in end-tidal CO2

(EtCO2) levels. Rebreathing expired air may increase dead

space and contribute to mild hypercapnia.17 This CO2 buildup

in the bloodstream can lead to acute respiratory acidosis, or

‘‘sick building syndrome,’’ which may present with headache,

fatigue, difficulty concentrating, anxiety, or increases in heart

rate and blood pressure.16-18 Exhalation valves may therefore

help maintain physiologic homeostasis and improve comfort

during prolonged mask wear.14-18 Despite this, the relative

effect of filtering facepiece respirator choice on the wearer

has not been widely characterized. Our study is the first to

assess the physiologic and psychological impact of prolonged,

continuous use of N95 respirators and HFRs.

Physiologic Impact

Our study demonstrated no significant changes in heart rate,

systolic and diastolic blood pressure, or respiratory rate after

mask wear, and there were no significant differences between

mask types. Our study corroborates the findings of Roberge et

al when investigating the thermal burden imposed by N95

wear; the authors found no significant increase in participants’

temperatures after 1 to 2 hours of low-moderate work.10

Bansal et al analyzed 56 subjects to determine the respira-

tory effects of HFR and N95 wear in 8- to 10-minute simu-

lated work conditions, with breaks between tasks.12 They

found that respirator type did not affect respiratory volume

parameters and flow rates. However, they demonstrated that

HFRs led to increased inspiratory time, reduced expiratory

time, and increases in the duty cycle when compared with

N95 masks.12 With a longer study time of 3 continuous hours,

our study also revealed no differences in respiratory volume

parameters or flow rate.

Although respirators without expiratory valves have been

shown to increase EtCO2, we found no significant change in
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PaCO2 levels with either mask or between the masks.16,17

Although PaCO2 is not a perfect estimation of EtCO2, we may

not have noted any changes due to lower-intensity physical

activity (ie, walking and climbing stairs) when compared with

other experiments (ie, maximal exercise test).17

Interestingly, our study demonstrated a significant differ-

ence in SaO2 with prolonged N95 wear. Moreover, SaO2 was

statistically worse with N95 masks than with HFRs. In our

cohort of generally young and healthy adults, this small differ-

ence is likely physiologically and clinically insignificant,

especially when considering other studies that define a 2%-

3% decrease in SaO2 as being clinically relevant.24,25

Meanwhile, Kao et al analyzed the effects of N95 masks worn

for 4 hours during hemodialysis in 39 patients with end-stage

renal disease. They found a significant 9–mmHg decrease in

the partial pressure of oxygen with N95 wear, in addition to

increased respiratory rate and chest discomfort.26 Patients

with comorbidities may be more susceptible to reductions in

SaO2, and effects may be more clinically significant than in

our study population. However, in our study and prior investi-

gations, cognitive and physical testing were not performed to

determine if a drop in oxygen saturation values is detrimental

to cognitive brain function or physical endurance. Future stud-

ies should assess these parameters to evaluate the clinical
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impact of diminished oxygen saturation rates in mask

wearers.

Psychological Impact

Significantly elevated anxiety scores were recorded in partici-

pants after prolonged wear of HFR as compared with N95.

Harber et al found similar increases in STAI scores with HFR

wear when compared with N95 respirators.11 Of note, there is

a history of mental burden on health care professionals in

prior pandemics.27-30 Studies from COVID-19 demonstrate

increased mental strain on health care workers, with several

highlighting a prevalence of distress, anxiety, and burnout in

otolaryngology trainees.30,31 It is of the utmost importance to

take trainee well-being and personal preference into account

A B

C D

Figure 5. Distress and difficulty being understood during mask wear: (A, B) feeling and duration of distress and (C, D) difficulty being under-
stood and duration.
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when choosing mask wear, when N95 and HFR provide simi-

lar levels of protection. Our study highlights that HFRs may

be associated with an increase in distress and anxiety levels in

a population that is already facing alarming rates of burn-

out.32-39 Being aware of interventions that may be associated

with negative psychological parameters is vital to ensure the

well-being of physicians and avoid poor patient outcomes.

Although speaking time was not standardized, participants

experienced more difficulty being understood by others

during regular conversation when wearing HFRs. This can

contribute to increased levels of anxiety and distress, espe-

cially when attempting to communicate in critical clinical sce-

narios or the operating room. Bandaru et al recruited 20 health

care workers with normal hearing and obtained speech recep-

tion thresholds and speech discrimination scores without per-

sonal protective equipment and with an N95 mask and face

shield. They found a significant increase in speech reception

threshold and decrease in speech discrimination score with

use of the N95.40 To our knowledge, our study is the first to

evaluate and compare conversational speech understanding

from a participant’s perspective using a subjective question-

naire. Participants designated the N95 mask as being superior

to HFR due to improved understandability. We propose that

prolonged HFR use may negatively affect the well-being of

wearers by increasing distress during communication. Our

study’s findings are timely and important for the well-being

of health care personnel, as ongoing use of personal protective

equipment is expected to continue for the unforeseen future.

Limitations

Limitations of this study include a small cohort due to recruit-

ment barriers during the pandemic. Testing was performed for

3 continuous hours, and a single model of N95 and HFR masks

was used; as such, findings cannot be extrapolated to effects

with more prolonged use that is typical for an average physician

workday or to other types of respirators. Additional psychologi-

cal parameters were not evaluated, such as sleep before testing,

hydration, and personal life stressors. It is also important to note

that HFRs may provide greater protection than N95 respirators

when P100 filters are used and can therefore be more beneficial

in select clinical situations. In addition, participants may have

been more familiar with N95 masks from prior use, thus render-

ing the distress level lower. Future studies should investigate

other respirator types, such as P100 disposable respirators with a

1-way valve, which may offer the increased protection of HFRs

and decreased distress seen with N95 wear.

Conclusion

As of March 2021, .132 million COVID-19 cases with 2.86

million deaths have been reported worldwide.3 New variants

have alarming implications on the efficiency of current vac-

cines,41 signaling a pandemic that is far from over. Heath care

personnel will continue to remain on the frontlines and there-

fore require respirator use. The present study contributes sig-

nificantly to the understanding of the differences between

N95 and HFR when worn continuously. Our findings suggest

that HFRs may offer advantages over N95 in maintaining

objective oxygen saturation levels, but HFR wear may con-

tribute to worsened speech understandability and feelings of

anxiety. However, future studies should assess the clinical

relevance of these changes. Studies evaluating parameters

affected by respirator use in health care personnel is of the

utmost importance to maximize provider well-being to ensure

that healthy personnel are available and capable to treat our

most vulnerable patients.
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