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Abstract
Aim: To investigate how personal protective equipment with an attached powered air-
purifying respirator worn by intensive care unit nurses caring for COVID-19 patients 
in Korea impacts nursing-skill performance and psychosocial stress.
Design: A cross-sectional descriptive study was designed using purposive sampling.
Review Methods: Online data collection was conducted from 3 March 2021–20 
March 2021on 181 nurses who had worked for more than 1 month in COVID-19 criti-
cal care settings wearing personal protective equipment with a powered air-purifying 
respirator. A structured questionnaire was used to gather data on sociodemographic 
characteristics, attitude toward personal protective equipment, nursing-skill perfor-
mance wearing personal protective equipment and psychosocial stress.
Data Sources: Data was sourced from structured questionnaire responses.
Results: Nursing skill performance decreased to 63.4%, compared with normal per-
formance. Subjects' perceptions and attitudes related to PPE scored 3.56 out of 5; 
44.7% of subjects reported severe psychosocial stress, which was significantly af-
fected by attitude toward personal protective equipment usage, nursing perfor-
mance, experience caring for COVID-19 patients and length of personal protective 
equipment usage per shift.
Conclusion: Greater negative attitude toward usage of personal protective equipment 
with a powered air-purifying respirator, results in lower nursing-skill performance and 
higher the psychosocial stress of nurses responding to COVID-19 outbreaks.
Implications for the profession and/or patient care: High negative attitude toward 
PPE and low nursing-skill performance due to PPE with an attached PAPR results in 
significant and debilitating psychosocial stress in ICU nurses responding to COVID-19 
outbreaks. To respond effectively to future infectious disease outbreaks and improve 
nursing performance, minimising the inconvenience and restrictions experienced by 
nurses wearing personal protective equipment is critical.
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1  |  INTRODUC TION

The World Health Organization (WHO) declared a coronavirus dis-
ease (COVID-19) pandemic on 11 March 2020 (WHO, 2020). In South 
Korea, the number of confirmed cases increased primarily in the Daegu 
area; the infectious disease crisis alert was raised to the highest level, 
‘serious,’ on 23 February 2020 (Korea Disease Control and Prevention 
Agency, KCDC, 2020). The COVID-19 response has been ongoing.

Personal protective equipment (PPE) is an infection-control 
method used to prevent the spread of infectious diseases in and 
around healthcare workers (Chughtai & Khan, 2020). To ensure the 
safety of healthcare workers, protect them from infection and main-
tain adequate levels of staffing to respond to patient needs in infec-
tious disease environments, Level D PPE must be worn, including 
long-sleeved gowns, gloves, face shields or goggles, N95 masks and 
waterproof aprons (Zhang et al., 2020).

Among the healthcare workers caring for COVID-19 patients, 
nurses are at high risk based on their frequent and close patient 
contact (Shaukat et al., 2020). With the prolonged COVID-19 pan-
demic and the increasing proportion of critically ill patients among 
confirmed cases, a powered air-purifying respirator (PAPR) was 
added to the Level D PPE worn by nurses in South Korea. The PAPR 
filters out contaminants in the air; it provides purified air using a 
high-efficiency particulate air (HEPA) filter through a hood or hel-
met using a battery-operated blower (Licina et al., 2020). Attaching 
a PAPR to PPE is recommended for various treatments of patients 
with severe COVID-19, including high-flow oxygenation, ventilation, 
extracorporeal membrane oxygenation and continuous renal re-
placement therapy (KCDC, 2020).

However, in using PPE with an attached PAPR, nurses have ex-
perienced physical difficulties, including physical exhaustion, fa-
tigue and sleep disturbance. Mental health issues have also been 
reported, including helplessness, loneliness, anxiety and fear (Licina 
et al., 2020).

This study aimed to identify the attitudes and physical symptoms of 
intensive care unit (ICU) nurses who wore PPE with an attached PAPR 
while caring for COVID-19 patients, and to investigate the impact of 
those attitudes and symptoms on the nurses' psychosocial stress.

2  |  BACKGROUND

COVID-19 was declared a pandemic in 2020. Since then, South 
Korea has coined a new word, K-Quarantine (Korea Quarantine), and 

has improved its infectious-disease management throughout the 
health and medical fields (Ministry of Health & Welfare, 2020). The 
Korean Center for Disease Control and Prevention (2020) achieved 
great success in the early stage of the epidemic using the so-called K-
quarantine measure, which enforces local quarantine for confirmed 
patients rather than implementing a global lockdown. Nurses have 
been acknowledged as the protagonists of the pandemic story, the 
people most likely to shape the outcome of the pandemic. Globally, 
nurses are writing a new chapter in the history of nursing in the fight 
against a novel infectious disease.

As of 2021, 67 hospitals dedicated to COVID-19 were des-
ignated as cohort hospitals in South Korea, operating a total of 
8680 beds with 1030 medical personnel carrying out treatment, 
support for testing and classification of the severity of confirmed 
patient cases (Ministry of Health & Welfare, 2021). Many cohort 
hospital nurses were assigned to ICUs to care for COVID-19 pa-
tients. Problems are often the most serious in the ICU, which can 
now be directly related to the COVID-19 infection-fatality rate. 
In the ICU, there are operational difficulties due to shortages of 
beds and skilled manpower and to unsuitable medical equipment 
(Shin, 2021). ICU nurses face increased exposure to highly infec-
tious agents due to their frequent and close contact with COVID-19 
patients (Shaukat et al., 2020).

In South Korea, each nurse in a COVID-19 cohort hospital 
was placed in charge of 6–7 patients, as compared to the stan-
dard ICU nurse-to-patient ratio of 1:3 (Lee, 2021). The COVID-19 
care ratio, a result of a labour shortage, created a burden on ICU 

Reporting Method: We adhered to relevant EQUATOR guidelines to report.
Patient or Public Contribution: No patient or public contribution.

K E Y W O R D S
COVID-19, intensive care unit, nursing-skill performance, personal protective equipment, 
powered air-purifying respirator, psychosocial stress, South Korea

What does this paper contribute to the wider 
global clinical community?

The study has illuminated the burdens of South Korean 
ICU nurses caring for COVID-19 patients, the degree to 
which those burdens impacted the fulfilment of patient 
care, and the degree to which the burdens adversely im-
pacted nurses' mental health/stress levels.

With these study findings,

•	 future research that builds on the findings can be 
launched to provide more information toward improv-
ing nurses' working conditions;

•	 results may be applied to other geographical settings.
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nurses overloaded with work. These ICU nurses treating patients 
with severe infections also experienced work pressure and psy-
chosocial stress due to the discomfort of wearing PPE (Lee, 2021). 
Psychosocial stress refers to a state of conflict in which an indi-
vidual's resources and ability to respond are affected by psycho-
logical or situational contexts that arise from external threats 
(Chang, 2000). ICU nurses responding to COVID-19 are concerned 
about high-stress levels, depression, anxiety, fear of infecting 
themselves and family, social isolation and stigmatisation (Barello 
et al., 2020). If the psychosocial stress of ICU nurses is not relieved 
in a timely way, it can lead to health problems, loss of interest in 
work, decreased work performance and lower-quality patient care 
(Onigbogi & Banerjee, 2019). Therefore, it is important to address 
the experiences of ICU nurses responding to infectious diseases, 
and to prepare institutional measures to reduce negative expe-
riences associated with the process of coping with infectious 
diseases.

PPE use requires periodic training related to donning/doff-
ing the gear, protocol application and monitoring to ensure staff 
member protection from COVID-19 and to maintain a responsive 
workforce (Chughtai & Khan,  2020). PPE training positively af-
fects attitudes toward PPE, and a positive attitude toward PPE 
correlates with nurses' intention to respond to infectious diseases 
(Kim & Lee, 2016). However, due to the rapid spread of COVID-19, 
ICU nurses were sent to the frontlines of care immediately after 
very brief training in PPE usage. This timeline increased the need 
for timely mental health care to treat nurses' anxiety and stress 
(Shaukat et al., 2020).

Physical symptoms resulting from PPE usage include heat, 
thirst, skin pressure, headaches, inability to use the bathroom and 
extreme exhaustion (Tabah et al.,  2020). PPE usage can reduce 
ICU nurses' dexterity when multiple layers of gloves are required, 
impair visibility (face shields), cause back pain, make it more diffi-
cult to use a stethoscope and limit communication. Moreover, with 
the increase in the number of critically ill patients and the pro-
longed spread of the coronavirus disease, PPE with an attached 
PAPR may increase exposure to infection in case of battery failure 
(Loibner et al.,  2019). ICU nurses wearing PPE with an attached 
PAPR cannot drink water during their shifts, which may extend for 
more than 8 h, leading to them feeling dehydrated and fatigued. 
Some nurses even work while wearing adult diapers, to remove 
the need for donning and doffing PPE gear repeatedly to use the 
bathroom. (Sun et al., 2020).

It has been established that nurses experience mental health 
threats, including anxiety, depression, burnout and psychoso-
cial stress (Sun et al.,  2020), and that ICU nurses wearing PPE 
take longer to perform the nursing skills required for patient 
care, often feeling insecure about their performance; both 
consequences that negatively affect patients (Martínez-López 
et al.,  2020). However, few studies have examined the mecha-
nism through which usage of PPE with an attached PAPR affects 
nursing-skill performance.

3  |  THE STUDY

3.1  |  Aim and objective

The aim of this study is to identify the factors that affect the psycho-
social stress of Korean intensive care unit nurses who wear personal 
protective equipment with a powered air-purifying respirator and 
care for COVID-19 patients. The subjects were 181 individuals who 
worked in ICUs, caring for COVID-19 patients.

4  |  METHODS

4.1  |  Design

A cross-sectional descriptive study was designed using purposive 
sampling.

4.2  |  Instruments with validity and reliability

The study's structured questionnaire gathered data from nurses 
on demographic characteristics, attitude toward PPE, nursing-skill 
performance while wearing PPE and psychosocial stress. Approval 
for the use of the questionnaire tool was obtained from the original 
author.

4.2.1  |  Sociodemographic characteristics

The general characteristics section of the questionnaire tool con-
sisted of six items that focused on sex, age, educational background, 
marital status, clinical experience and position. The PPE-related ex-
perience section of the questionnaire consisted of five items: PPE-
wearing hours per shift, PPE training experience, experience caring 
for COVID-19 patients, intention to respond to a new infectious dis-
ease and physical symptoms experienced due to wearing PPE with 
an attached PAPR.

4.2.2  |  Perception and attitude about PPE

On the basis of a tool created by Daugherty et al.  (2009) and a 
modified tool, Kim and Lee (2016) developed 10 items to measure 
healthcare providers' perception and attitude toward PPE using 
a 5-point scale. As perception and attitude have been shown to 
have a significant positive correlation (Kim & Lee, 2016), this study 
considered them to be just one variable. The reliability of this tool 
was measured by Cronbach's α. Cronbach's α results were .79 (per-
ception) and .60 (attitudes) in Kim and Lee's (2016) study and .74 
(total) in this study. A higher score indicated a more positive at-
titude toward PPE.
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4.2.3  |  Nursing-skill performance

Of the 20 nursing skills detailed in edition 4.1 of the Core Nursing Skill 
Protocol, (Korea Accreditation Board of Nursing Education, 2017), 
simple catheterization, enema, pre-operation care, post-operation 
care and blood transfusion were excluded from the current study's 
questionnaire that focused on the ICU setting, leaving 15 items. For 
each item, subjects were asked to report on a 10-point scale their 
own perceived nursing-skill performance while wearing PPE with an 
attached PAPR (where 10 points equalled 100%, indicating normal 
performance without PPE).

4.2.4  |  Psychosocial stress

To measure psychosocial stress, the study employed the 
Psychosocial Well-Being Index-Short Form, based on 
Goldberg's  (1978) General Health Questionnaire, modified for 
the Korean context by Chang (2000). The tool is comprised of 18 
items measured on a 4-point scale (0–3). A higher score indicates 
higher stress levels. Subjects who scored less than 8 were classi-
fied as the ‘healthy group,’ those with scores between 9 and 26 
were the ‘potential stress group,’ and those with scores of 27 or 
more as the ‘severe stress group’ (Chang, 2000). The items' reli-
ability (Cronbach's α) was  .90 in Chang's  (2000) study and .88 in 
this study.

4.3  |  Sampling and recruitment

The sample size was calculated as 172 using G*power 3.1 software 
with linear multiple regression, with an effect size of 0.15, a signifi-
cance level of 0.05, a power of .95 and 10 predictors.

Subjects were 181 individuals who worked in ICUs for COVID-19 
patients. The selection criterion was having worked more than 
1 month wearing PPE with an attached PAPR in COVID-19 critical 
care settings. Exclusion criteria were those who wore only Level 
D PPE without PAPR, and those who cared for suspected patients 
and patients with other infectious diseases who were not confirmed 
COVID-19 patients.

4.4  |  Data collection

Data collection occurred from 3 March 2021–20 March 2021 using 
a self-reported online survey on the Google Forms platform. Social 
networking services (including Facebook and an open chat site for 
COVID-19 nurses) and recruitment posters, including a URL and QR 
code directing candidates to the questionnaire, were used to recruit 
subjects. Subjects understood the purpose and method of the study 
and gave consent to participate. A total of 181 respondents com-
pleted the survey. A complete analysis was performed.

4.5  |  Data analysis

Data were analysed statistically using SPSS Statistics 24.0 (IBM, 
US) software. Residual analysis was performed to confirm normal-
ity and there was no violation of normality and equal variance. To 
test differences, relationships and influences between variables, 
t-tests, one-way analysis of variance, Pearson's test and linear 
multiple regression were applied. The level of significance was set 
at <.05.

4.6  |  Ethical considerations

The study was approved by the Institutional Review Board (IRB) 
of University Hospital (IRB No. 2000–002-438). An explanation 
of the study's purpose and method was made available to all pro-
spective subjects who went on to provide informed consent if they 
wished to participate. All collected information was coded anony-
mously; mobile phone numbers that were collected were perma-
nently deleted immediately after a digital gift card was provided to 
each subject.

5  |  RESULTS

5.1  |  Subjects' sociodemographic characteristics

The total sample comprised more women (89.5%) than men 
(Table 1). Subject average age was 28.43 years (standard deviation 
[SD] = 5.46); subjects in their 20s (74%) were the highest propor-
tion of the sample. Most subjects had a bachelor's degree (80.1%) 
and were unmarried (80.7%). Most subjects had 1–<3 years (43.6%) 
of work experience, followed by 3–<5 years (26.5%), 5–<10 years 
(17.7%) and 10 or more years (12.2%).

The average length time spent wearing PPE with an attached 
PAPR was 4.35 (SD  =  2.01) hours per shift; subjects who wore 
PPE for 4–6 h accounted for 53% of the total, followed by those 
who used PPE for 1–3  h (33.1%), 7–9  h (11.6%) and 10 or more 
hours (2.2%). Most subjects received PPE training (95.6%). 
The average length of service nursing COVID-19 patients was 
5.56 months (SD = 3.94), with 27.6% of nurses reporting service 
of 1–3  months, 27.6% reporting 4–6  months of service, 22.7% 
reported 7–9  months and 22.1% reported 10  months or longer. 
Subject intention of responding to outbreaks averaged 3.73 
(SD = 1.03) on a scale of 5.

In terms of physical symptoms related to wearing PPE, subjects 
frequently experienced thirst (70.7%), skin trouble (70.7%), fatigue 
(67.4%), ear pain (64.6%), discomfort from being unable to use the 
bathroom (59.7%) and a headache after taking off PPE (51.9%) 
(Table 2). In reporting the total number of uncomfortable physical 
experiences by marking multiple responses, subjects reported an 
average of 6.50 ± 3.00 experiences out of a possible 14.
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5.2  |  Variable descriptive statistics

5.2.1  |  Perception and attitude toward PPE

The average subject attitude toward PPE score was 3.56 
(SD = 0.43) on a scale of 5 (Table 3). Subjects scored highest on 
the item ‘I know how to use PPE very well’ (4.27 ± 0.64), followed 
by ‘I can wear and remove PPE proficiently’ (4.25 ± 0.67) and 
‘Wearing PPE in a pandemic outbreak can protect me from infec-
tion’ (4.17 ± 0.80).

Gloves (4.39 ± 0.79) were identified as the item that inter-
fered the most in nursing performance, followed by goggles 
(4.24 ± 0.83), N95 or equivalent masks (3.99 ± 0.95) and PAPR 
(3.87 ± 0.84).

5.2.2  |  Nursing-skill performance while wearing PPE

Scoring each nursing skill on a 10-point scale (with a score of 10 in-
dicating normal performance without PPE usage), subjects' average 
score was 95.06 (SD = 24.51) out of a possible score of 150 for all 15 
skill items (Table 3).

Differences by nursing skill were analysed via a t-test (Table 4). 
All nursing skills decreased significantly when PPE was worn 
(p < .001). By skill, the largest gap between the with- and without-
PPE scores was observed for ‘intravenous injection’ (4.96 ± 2.14), fol-
lowed by ‘cardiopulmonary resuscitation and applying defibrillator’ 
(4.94 ± 2.19), ‘Foley catheterization’ (4.67 ± 2.04) and ‘tracheostomy 
care’ (4.17 ± 2.11). The smallest gap was found for ‘oral medication’ 
(2.72 ± 2.07).

5.2.3  |  Psychosocial stress

The average psychosocial stress score was 1.41 (SD  =  0.46) on a 
scale of 3 (Table 3). The average total score was 25.35 ± 8.35, out of 
54. In terms of stress severity, both the severe stress group (44.7%) 
and the potential stress group (53.6%) had significantly higher scores 
than the healthy group (1.7%).

5.3  |  Variable differences according to subject 
sociodemographics

Scores for attitude toward PPE were significantly higher among 
subjects who underwent PPE training (t = 2.38, p = .018), cared for 
COVID-19 patients for 3–6 months or more than 9 months (F = 4.44, 
p = .005) and indicated a strong intention to respond to future out-
breaks (F = 16.07, p < .001) (Table 1).

Scores for nursing-skill performance while wearing PPE were 
significantly higher among subjects who were 20–39 years old 
(F = 4.72, p = .010), unmarried (t = −1.99, p = .048) and had 1–3 years 
of clinical experience (F = 3.32, p = .021).Va
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Psychosocial stress scores were significantly higher among sub-
jects who cared for COVID-19 patients for 6–9 months (F = 5.22, 
p = .002), wore PPE for 4–6 h per shift (F = 4.12, p = .007) and were 
unwilling to respond to future outbreaks (F = 9.02, p < .001).

5.4  |  Correlations between variables

Psychosocial stress showed a significant correlation with attitude to-
ward PPE (r = −.31, p < .001) and nursing-skill performance (r = −.35, 
p < .001) (Table 5).

5.5  |  Factors influencing psychosocial stress

Multiple regression analysis was performed to identify the factors af-
fecting psychosocial stress (Table 6). Residual analysis showed that 
the variance expansion factors were between 1.08 and 1.16, all below 
10. The Durbin-Watson statistic was 1.67, close to 2, confirming that 
the regression model was suitable. Factors influencing psychosocial 
stress included experience caring for COVID-19 patients (β =  .254, 
p < .001), attitude toward PPE (β = −.227, p = .001), nursing-skill per-
formance while wearing PPE (β = −.219, p = .002) and PPE usage time 
(β = .176, p = .012); the explanatory power was 22.7%.

Items n (%) Items n (%)

Symptoms

1. Thirst 128 (70.7) 8. Dyspnoea 79 (43.6)

2. Skin trouble (rash, 
itching, dry)

128 (70.7) 9. Heat 77 (42.5)

3. Fatigue 122 (67.4) 10. Headache from 
wearing a hood

65 (35.9)

4. Ear pain from wearing a 
N95 mask

117 (64.6) 11. Extreme exhaustion 55 (30.4)

5. Discomfort from being 
unable to use the 
bathroom

108 (59.7) 12. Back pain 50 (27.6)

6. Headache after 
removing PPE

94 (51.9) 13. Nausea & vomiting 41 (22.7)

7. Dizziness 87 (48.1) 14. Insomnia 20 (11.0)

Number of individual experiences of physical symptom

Mean ± SD Range

1–3 26 (14.4) 6.50 ± 3.00 1 ~ 14

3–6 74 (40.9)

7–9 54 (29.8)

≥10 27 (14.9)

Abbreviations: PAPR, powered air-purifying respirator; PPE, personal protective equipment.

TA B L E  2  Physical symptoms wearing 
PPE with an attached PAPR (N = 181).

Variables n (%) Mean ± SD Range

Perception and attitude toward PPE

Total average per item 181 (100.0) 3.56 ± 0.43

Average score of individuals 38.19 ± 4.34 22–47

Nursing-skill performance

Average score of individuals 181 (100.0) 95.06 ± 24.51 25–148

Psychosocial stress

Average score per item 1.41 ± 0.46

Total average individual score 181 (100.0) 25.35 ± 8.35 2–47

Severity by group

Healthy (≤8) 3 (1.7) 5.33 ± 3.06 2–8

Potential stress (9–26) 97 (53.6) 9.77 ± 4.66 9–26

Severe stress (≥27) 81 (44.7) 32.78 ± 4.70 27–47

Abbreviations: PPE, personal protective equipment; SD, standard deviation.

TA B L E  3  Descriptive statistics of 
variables.
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6  |  DISCUSSION

When infectious diseases such as severe acute respiratory syndrome 
(SARS) and Middle East respiratory syndrome (MERS) were spread 
in the past, ICU nurses experienced excessive psychosocial stress 
due to workloads associated with the care of infected patients. This 
study investigated the factors influencing the psychosocial stress 
of ICU nurses wearing PPE with an attached PAPR while caring for 
COVID-19 patients.

As the COVID-19 pandemic has been prolonged, ICU nurses 
have experienced a workforce shortage, accumulation of fatigue due 
to long working hours, the necessity of wearing protective equip-
ment and increased safety risks (Shin, 2021).

Most subjects (95.6%) in this study underwent training focused 
on wearing and removing PPE with an attached PAPR, a slightly 
higher percentage than the 86% reported by Tabah et al.  (2020). 
As training affects confidence in using PPE (Tabah et al.,  2020), 
it is important to emphasise the availability of sufficient supplies 
and periodic training on wearing and removing PPE (Chughtai & 
Khan, 2020).

The subjects in the current study used 3 M's Jupiter Powered Air 
Turbo Unit, provided by the Korean government to all cohort hos-
pitals. The unit is a PAPR that consists of a decontamination belt, 
breathing tube, battery and filter. Ong et al.  (2020) reported that 

TA B L E  4  Nursing-skill performance differences with and 
without PPE.

Items

Difference

Mean ± SD t (p)

1. Intravenous infusion 4.96 ± 2.14 31.13 (<.001)

2. CPR & defibrillator application 4.94 ± 2.19 30.41 (<.001)

3. Foley catheterization 4.67 ± 2.04 30.77 (<.001)

4. Tracheostomy care 4.17 ± 2.11 26.66 (<.001)

5. Endotracheal suction 3.92 ± 2.17 24.30 (<.001)

6. Intradermal injection 3.82 ± 1.96 26.30 (<.001)

7. Admission care 3.59 ± 2.09 23.11 (<.001)

8. Subcutaneous injection 3.41 ± 2.00 22.97 (<.001)

9. Gavage feeding 3.40 ± 2.13 21.46 (<.001)

10. Intramuscular injection 3.36 ± 2.02 22.39 (<.001)

11. Medical-waste management 3.17 ± 2.07 20.66 (<.001)

12. Checking vital signs 2.96 ± 1.98 20.14 (<.001)

13. Oxygen therapy 2.93 ± 1.96 20.06 (<.001)

14. Applying and monitoring pulse 
oximetry & EKG

2.91 ± 2.02 19.32 (<.001)

15. Oral medication 2.72 ± 2.07 17.69 (<.001)

Abbreviations: CPR, cardiopulmonary resuscitation; EKG, 
electrocardiogram; PPE, personal protective equipment; SD, standard 
deviation.

Variable 1 2 3

1. Perception and attitude toward PPE 1

2. Perceived nursing-skill performance level 
while wearing PPE with an attached 
PAPR

.29 (<.001) 1

3. Psychosocial stress −.31 (<.001) −.35 (<.001) 1

Abbreviations: PAPR, powered air-purifying respirator; PPE, personal protective equipment.

TA B L E  5  Correlations between 
variables.

Variable B β t p VIF

(Constant) 41.86 8.00 <.001

Perceived nursing-skill 
performance level with 
PPE and an attached 
PAPR

−0.08 −0.22 −3.11 .002 1.16

Perception and attitudes 
toward PPE

−0.44 −0.23 −3.27 .001 1.12

Working hours with PPE 
and an attached PAPR

0.73 0.18 2.55 .012 1.10

Experience caring for 
COVID-19 patients

0.54 0.25 3.73 <.001 1.08

R2 = 0.244; Adj R2 = 0.227; F = 14.20

Abbreviations: PAPR, powered air-purifying respirator; PPE, personal protective equipment.

TA B L E  6  Factors influencing 
psychosocial stress.
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81% of their study's subjects complained of headaches from wearing 
N95 masks and goggles, but that using a PAPR reduced discomfort 
from the goggles. Future studies should explicitly compare the com-
plaints related to each PPE with an attached PAPR component.

The current study found that the physical symptoms related to 
wearing PPE with an attached PAPR reported most frequently were, 
in order: thirst, skin symptoms, general fatigue, ear pain due to wear-
ing N95 masks and physiological problems (inability to use the bath-
room). Reports of thirst after wearing PPE were higher in this study 
than the reported 47% in the Tabah et al.  (2020) study. Results of 
previous studies were supported by this study's findings, suggesting 
that wearing PAPR reduces visibility, and may cause fatigue and back 
pain (Loibner et al., 2019). As some ICU nurses have been compelled 
to wear adult diapers for long shifts due to the difficulty of donning 
and doffing PPE, adjustments to the amount of time PPE must be 
worn are required (Sun et al., 2020).

PPE impedes nurses' movement. Wearing two or more layers of 
gloves reduces dexterity, while using a PAPR hood narrows the field 
of view, each making it difficult to perform nursing tasks (Loibner 
et al.,  2019). In this study, overall nursing performance decreased 
to 63.4% while wearing PPE with an attached PAPR, when all 15 
nursing skills assessed were considered together. Subjects reported 
that wearing PPE with an attached PAPR caused stress or discom-
fort, which also interfered with nursing skills. These results were 
consistent with previous studies, including the Kim and Lee (2016) 
study that reported that wearing PPE was uncomfortable and led 
to decreased concentration and inefficient nursing-skill experiences. 
Wearing PPE with an attached PAPR interferes with nursing skills; 
associated problems include the inability to use a stethoscope, lim-
itations in verbal communication and exposure to infection in cases 
of battery failure (Kim & Lee, 2016).

Subject experience caring for COVID-19 patients, attitude to-
ward PPE and nursing-skill performance while wearing PPE with an 
attached PAPR significantly influenced psychosocial stress in the 
current study. The longer the COVID-19 pandemic time period, the 
higher the risk of exposure to infection and the higher the psycho-
social stress experienced by medical personnel (Zhang et al., 2020). 
Compared to other occupational groups, ICU nurses have higher psy-
chosocial stress and more negative attitudes toward PPE due to cu-
mulative physical discomfort (Kambhampati et al., 2020). Excessive 
workloads and inadequate support also increase psychosocial stress 
(Onigbogi & Banerjee, 2019). Social support measures are needed to 
improve the work environment for ICU nurses (Shaukat et al., 2020).

In the study, attitude toward PPE demonstrated differences 
based on subject intention to respond to future outbreaks of infec-
tious diseases, results that were similar to those of previous studies 
(Kim & Lee, 2016). PPE usage affected nursing-skill performance less 
among younger, unmarried individuals and those with shorter clini-
cal careers. However, psychosocial stress did not significantly differ 
by age or clinical experience. Repeated studies will be necessary to 
confirm individual differences.

Comparisons to the full spectrum of results of this study 
are limited, as few studies have examined the relationship 

between nursing-skill performance and the use of PPE with 
an attached PAPR. In this study, nursing-skill performance 
showed a significant positive correlation with attitude toward 
PPE. Subjects' positive attitudes toward PPE with an attached 
PAPR were perceived as less uncomfortable with nursing skill 
performance.

In terms of psychosocial stress severity, the severe stress group 
included 44.7% of the current study's subjects. At the beginning 
of the COVID-19 outbreak, healthcare workers who treated pa-
tients directly experienced higher post-traumatic stress disorder 
symptoms, depression and anxiety, compared with healthcare 
workers who did not treat those patients (Johnson et al., 2020). 
Dubey et al.  (2020) argued that a lack of PPE and training re-
lated to infection control, stigma and isolation affected psycho-
social stress. While it may have seemed that healthcare workers 
were adjusting, wearing PPE increased their psychosocial stress 
(Martínez-López et al.,  2020). In this study, psychosocial stress 
increased as the attitude toward PPE with an attached PAPR and 
nursing-skill performance decreased. The quality and functional-
ity of PPE should be improved to interfere less with nursing-skill 
performance.

6.1  |  Strengths and limitations of the work

The significance of this study's results stems from identifying factors 
affecting the psychosocial stress of ICU nurses wearing PPE with 
an attached PAPR in response to pandemic conditions. However, 
as data were collected from ICU nurses nationwide, data on the 
specific hospitals at which the nurses worked and PPE worn were 
not collected, limiting the generalisation of the results. Also limiting 
the generalisation of this study's results is the potential for PAPR to 
have varying standards and materials in different countries and work 
environments.

6.2  |  Recommendations for further research

Based on this study's findings, future research should continue to in-
vestigate various factors affecting the psychosocial stress of nurses 
responding to COVID-19. Improved PPE training programs are also 
recommended, as is research focused on the correlation between 
individual physical symptoms and specific components of PPE 
coverage.

7  |  CONCLUSION

Nurses, who account for the largest proportion of healthcare work-
ers responding to the COVID-19 pandemic, have faced physical bur-
dens and work stress from wearing PPE with an attached PAPR. This 
study examined the psychosocial stress of ICU nurses who care for 
the most critically ill COVID-19 patients.
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ICU nurses' dexterity performing the necessary nursing skills was 
reduced remarkably owing to the limitations of PPE with an attached 
PAPR. Significant difficulty was reported performing intravenous in-
jections, cardiopulmonary resuscitation, Foley catheterization and 
tracheostomy care. The more negative the attitude toward PPE with 
an attached PAPR, the more the physical discomfort in performing 
nursing care and the higher the psychosocial stress were reported to 
be. High negative attitude toward PPE and low nursing-skill perfor-
mance due to PPE with an attached PAPR resulted in significant and 
debilitating psychosocial stress in nurses responding to COVID-19 
outbreaks.

8  |  RELE VANCE TO CLINIC AL PR AC TICE

To respond effectively to future infectious-disease outbreaks and 
improve nursing performance, minimising the inconvenience and 
restrictions experienced by nurses wearing personal protective 
equipment is essential. Identifying the factors that impact the psy-
chosocial stress of nurses responding to COVID-19 and identifying 
solutions to alleviate that stress is critical.

AUTHOR CONTRIBUTIONS
Study concepts and design: YJ, OL, SK. Data collection: YJ. Data 
analysis: YJ, OL. Manuscript writing: YJ, OL, SK.

ACKNO​WLE​DG E​MENTS
None.

FUNDING INFORMATION
This research did not receive any specific grant.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no conflict of interest.

E THIC S S TATEMENT
The study was approved by the Institutional Review Board (IRB NO: 
2000–002-438) of Chung-Ang University Medical Center.

S TATIS TIC S
The authors have checked to make sure that our submission conforms 
as applicable to the Journal's statistical guidelines described here. 
There is a statistician on the author team: Lee, Ogcheol (Co-author). 
The authors affirm that the methods used in the data analyses are 
suitably applied to their data within their study design and context, 
and the statistical findings have been implemented and interpreted 
correctly. The authors agrees to take responsibility for ensuring that 
the choice of statistical approach is appropriate and is conducted and 
interpreted correctly as a condition to submit to the Journal.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author.

ORCID
Sunghee Kim   https://orcid.org/0000-0001-6964-6158 

R E FE R E N C E S
Barello, S., Palamenghi, L., & Graffigna, G. (2020). Burnout and somatic 

symptoms among frontline healthcare professionals at the peak of 
the Italian COVID-19 pandemic. Psychiatry Research, 290, 113129. 
https://doi.org/10.1016/j.psych​res.2020.113129

Chang, S. J. (2000). Standardization of collection and measurement for 
health data. WHO.

Chughtai, A. A., & Khan, W. (2020). Use of personal protective equip-
ment to protect against respiratory infections in Pakistan: A sys-
tematic review. Journal of Infection and Public Health, 13(3), 385–
390. https://doi.org/10.1016/j.jiph.2020.02.032

Daugherty, E. L., Perl, T. M., Needham, D. M., Rubinson, L., Bilderback, A., 
& Rand, C. S. (2009). The use of personal protective equipment for 
control of influenza among critical care clinicians: A survey study. 
Critical Care Medicine, 37(4), 1210–1216. https://doi.org/10.1097/
CCM.0b013​e3181​9d67b5

Dubey, S., Biswas, P., Ghosh, R., Chatterjee, S., Dubey, M. J., Chatterjee, 
S., Lahiri, D., & Lavie, C. J. (2020). Psychosocial impact of COVID-19. 
Diabetes and Metabolic Syndrome, 14(5), 779–788. https://doi.
org/10.1016/j.dsx.2020.05.035

Goldberg, D. P. (1978). Manual of the general health questionnaire. NEFR 
Publishing.

Johnson, S. U., Ebrahimi, O. V., & Hoffart, A. (2020). PTSD symptoms 
among health workers and public service providers during the 
COVID-19 outbreak. PLoS One, 15(10), e0241032. https://doi.
org/10.1371/journ​al.pone.0241032

Kambhampati, A. K., O'Halloran, A. C., Whitaker, M., Magill, S. S., Chea, 
N., Chai, S. J., Daily Kirley, P., Herlihy, R. K., Kawasaki, B., Meek, J., 
Yousey-Hindes, K., Anderson, E. J., Openo, K. P., Monroe, M. L., 
Ryan, P. A., Kim, S., Reeg, L., Como-Sabetti, K., Danila, R., … COVID-
NET Surveillance Team. (2020). COVID-19-associated hospitaliza-
tions among health care personnel—COVID-NET, 13 states, March 
1-May 31, 2020. Morbidity and Mortality Weekly Report, 69(43), 
1576–1583. https://doi.org/10.15585/​mmwr.mm6943e3

Kim, K., & Lee, O. (2016). Knowledge, attitudes and perceptions of nurses 
on personal protective equipment: Response to the Middle East 
respiratory syndrome coronavirus. Journal of Korean Academy of 
Fundamentals of Nursing, 23(4), 402–410. https://doi.org/10.7739/
jkafn.2016.23.4.402

Korea Accreditation Board of Nursing Education. (2017). Protocol for 
nursing education accreditation standard of core nursing skills. (Online 
PDF), March 3, 2021. http://old.kabone.or.kr/HyAdm​in/uploa​d/
goodF​ile/12018​01261​42812.pdf

Korea Disease Control and Prevention Agency. (2020). Briefing of the 
pan-governmental countermeasures meeting (February 23), central ac-
cident management headquarters, infectious disease crisis alert raised 
to ‘severe’. (Online article). March 2, 2021. http://ncov.mohw.go.kr/
tcmBo​ardVi​ew.do?brdId​=3&brdGu​bun=31&dataG​ubun=&ncvCo​
ntSeq​=583&contS​eq=583&board_id=311&gubun​=ALL

Lee, S. H. (2021). Mental health impacts in health care workers during 
the COVID-19 pandemic. Journal of Korean Neuropsychiatric 
Association, 60(1), 19–22.

Licina, A., Silvers, A., & Stuart, R. L. (2020). Use of powered air-purifying 
respirator (PAPR) by healthcare workers for preventing highly in-
fectious viral diseases—A systematic review of evidence. Systematic 
Reviews, 9(1), 173. https://doi.org/10.1186/s1364​3-020-01431​-5

Loibner, M., Hagauer, S., Schwantzer, G., Berghold, A., & Zatloukal, K. 
(2019). Limiting factors for wearing personal protective equip-
ment (PPE) in a health care environment evaluated in a randomised 
study. PLoS One, 14(1), e0210775. https://doi.org/10.1371/journ​
al.pone.0210775

 13652702, 2023, 11-12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocn.16686 by C

hung-A
ng U

niversity, W
iley O

nline L
ibrary on [26/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-6964-6158
https://orcid.org/0000-0001-6964-6158
https://doi.org/10.1016/j.psychres.2020.113129
https://doi.org/10.1016/j.jiph.2020.02.032
https://doi.org/10.1097/CCM.0b013e31819d67b5
https://doi.org/10.1097/CCM.0b013e31819d67b5
https://doi.org/10.1016/j.dsx.2020.05.035
https://doi.org/10.1016/j.dsx.2020.05.035
https://doi.org/10.1371/journal.pone.0241032
https://doi.org/10.1371/journal.pone.0241032
https://doi.org/10.15585/mmwr.mm6943e3
https://doi.org/10.7739/jkafn.2016.23.4.402
https://doi.org/10.7739/jkafn.2016.23.4.402
http://old.kabone.or.kr/HyAdmin/upload/goodFile/120180126142812.pdf
http://old.kabone.or.kr/HyAdmin/upload/goodFile/120180126142812.pdf
http://ncov.mohw.go.kr/tcmBoardView.do?brdId=3&brdGubun=31&dataGubun=&ncvContSeq=583&contSeq=583&board_id=311&gubun=ALL
http://ncov.mohw.go.kr/tcmBoardView.do?brdId=3&brdGubun=31&dataGubun=&ncvContSeq=583&contSeq=583&board_id=311&gubun=ALL
http://ncov.mohw.go.kr/tcmBoardView.do?brdId=3&brdGubun=31&dataGubun=&ncvContSeq=583&contSeq=583&board_id=311&gubun=ALL
https://doi.org/10.1186/s13643-020-01431-5
https://doi.org/10.1371/journal.pone.0210775
https://doi.org/10.1371/journal.pone.0210775


2932  |    JUN et al.

Martínez-López, J. Á., Lázdaro-Pérez, C., Gómez-Galán, J., & Fernández-
Martínez, M. D. M. (2020). Psychological impact of COVID-19 
emergency on health professionals: Burnout incidence at the most 
critical period in Spain. Journal of Clinical Medicine, 9(9), 3029. 
https://doi.org/10.3390/jcm90​93029

Ministry of Health & Welfare. (2020). “K-quarantine Model” the 
World Standard Came out. (Press Release). http://www.mohw.​
go.kr/react/al/sal0301vw.jsp?PAR_MENU_ID=04&MENU_​
ID=0403&CONT_SEQ=354963

Ministry of Health & Welfare. (2021). Establishment of criteria for place-
ment of nursing staff in hospital beds for COVID-19. (Online). http://
ncov.mohw.go.kr/tcmBo​ardVi​ew.do?contS​eq=36802​0#

Ong, J. J., Bharatendu, C., Goh, Y., Tang, J. Z., Sooi, K. W., Tan, Y. L., & 
Allen, D. M. (2020). Headaches associated with personal protec-
tive equipment: A cross-sectional study among frontline healthcare 
workers during COVID-19. Headache: The Journal of Head and Face 
Pain, 60(5), 864–877. https://doi.org/10.1111/head.13811

Onigbogi, C. B., & Banerjee, S. (2019). Prevalence of psychosocial stress 
and its risk factors among healthcare workers in Nigeria: A system-
atic review and meta-analysis. Nigerian Medical Journal, 60(5), 238–
244. https://doi.org/10.4103/nmj.NMJ_67_19

Shaukat, N., Ali, D. M., & Razzak, J. (2020). Physical and mental health 
impacts of COVID-19 on healthcare workers: A scoping review. 
International Journal of Emergency Medicine, 13(1), 40. https://doi.
org/10.1186/s1224​5-020-00299​-5

Shin, K. R. (2021). COVID-19 countermeasures and action plan for im-
provement of nursing treatment. HIRA Research, 1(1), 103–107. 
https://doi.org/10.52937/​hira.21.1.1.103

Sun, N., Wei, L., Shi, S., Jiao, D., Song, R., Ma, L., Wang, H., Wang, C., 
Wang, Z., You, Y., Liu, S., & Wang, H. (2020). A qualitative study on 
the psychological experience of caregivers of COVID-19 patients. 
American Journal of Infection Control, 48(6), 592–598. https://doi.
org/10.1016/j.ajic.2020.03.018

Tabah, A., Ramanan, M., Laupland, K. B., Buetti, N., Cortegiani, A., 
Mellinghoff, J., Conway Morris, A., Camporota, L., Zappella, N., 
Elhadi, M., Povoa, P., Amrein, K., Vidal, G., Derde, L., Bassetti, M., 

Francois, G., Ssi Yan Kai, N., de Waele, J. J., & PPE-SAFE contrib-
utors. (2020). Personal protective equipment and intensive care 
unit healthcare worker safety in the COVID-19 era (PPE-SAFE): An 
international survey. Journal of Critical Care, 59, 70–75. https://doi.
org/10.1016/j.jcrc.2020.06.005

World Health Organization (WHO). (2020). WHO Director-General's 
opening remarks at the media briefing on COVID-19. (Online), March 
11, 2020. https://www.who.int/direc​tor-gener​al/speec​hes/detai​l/
who-direc​tor-gener​al-s-open-ing-remar​ks-at-the-media​-brief​ing-
on-covid​-19---11-march​-2020

Zhang, W. R., Wang, K., Yin, L., Zhao, W. F., Xue, Q., Peng, M., Min, 
B. Q., Tian, Q., Leng, H. X., Du, J. L., Chang, H., Yang, Y., Li, W., 
Shangguan, F. F., Yan, T. Y., Dong, H. Q., Han, Y., Wang, Y. P., Cosci, 
F., & Wang, H. X. (2020). Mental health and psychosocial problems 
of medical health workers during the COVID-19 epidemic in China. 
Psychotherapy and Psychosomatics, 89(4), 242–250. https://doi.
org/10.1159/00050763

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Jun, Y., Lee, O., & Kim, S. (2023). 
Impact of personal protective equipment attached powered 
air-purifying respirator on nursing-skill performance and 
psychosocial stress of intensive care unit COVID-19 nurses: 
A cross-sectional study. Journal of Clinical Nursing, 32, 
2922–2932. https://doi.org/10.1111/jocn.16686

 13652702, 2023, 11-12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocn.16686 by C

hung-A
ng U

niversity, W
iley O

nline L
ibrary on [26/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3390/jcm9093029
http://www.mohw.go.kr/react/al/sal0301vw.jsp?PAR_MENU_ID=04&MENU_ID=0403&CONT_SEQ=354963
http://www.mohw.go.kr/react/al/sal0301vw.jsp?PAR_MENU_ID=04&MENU_ID=0403&CONT_SEQ=354963
http://www.mohw.go.kr/react/al/sal0301vw.jsp?PAR_MENU_ID=04&MENU_ID=0403&CONT_SEQ=354963
http://ncov.mohw.go.kr/tcmBoardView.do?contSeq=368020
http://ncov.mohw.go.kr/tcmBoardView.do?contSeq=368020
https://doi.org/10.1111/head.13811
https://doi.org/10.4103/nmj.NMJ_67_19
https://doi.org/10.1186/s12245-020-00299-5
https://doi.org/10.1186/s12245-020-00299-5
https://doi.org/10.52937/hira.21.1.1.103
https://doi.org/10.1016/j.ajic.2020.03.018
https://doi.org/10.1016/j.ajic.2020.03.018
https://doi.org/10.1016/j.jcrc.2020.06.005
https://doi.org/10.1016/j.jcrc.2020.06.005
https://www.who.int/director-general/speeches/detail/who-director-general-s-open-ing-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-open-ing-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-open-ing-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://doi.org/10.1159/00050763
https://doi.org/10.1159/00050763
https://doi.org/10.1111/jocn.16686

	Impact of personal protective equipment attached powered air-­purifying respirator on nursing-­skill performance and psychosocial stress of intensive care unit COVID-­19 nurses: A cross-­sectional study
	Abstract
	1|INTRODUCTION
	2|BACKGROUND
	3|THE STUDY
	3.1|Aim and objective

	4|METHODS
	4.1|Design
	4.2|Instruments with validity and reliability
	4.2.1|Sociodemographic characteristics
	4.2.2|Perception and attitude about PPE
	4.2.3|Nursing-­skill performance
	4.2.4|Psychosocial stress

	4.3|Sampling and recruitment
	4.4|Data collection
	4.5|Data analysis
	4.6|Ethical considerations

	5|RESULTS
	5.1|Subjects' sociodemographic characteristics
	5.2|Variable descriptive statistics
	5.2.1|Perception and attitude toward PPE
	5.2.2|Nursing-­skill performance while wearing PPE
	5.2.3|Psychosocial stress

	5.3|Variable differences according to subject sociodemographics
	5.4|Correlations between variables
	5.5|Factors influencing psychosocial stress

	6|DISCUSSION
	6.1|Strengths and limitations of the work
	6.2|Recommendations for further research

	7|CONCLUSION
	8|RELEVANCE TO CLINICAL PRACTICE
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	STATISTICS
	DATA AVAILABILITY STATEMENT

	REFERENCES


