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Abstract.
BACKGROUND: In order for nurses to provide the desired/expected care during the COVID-19 pandemic, the personal
protective equipment (PPE) they use should not cause additional damage.
OBJECTIVE: The current study examined the effect of nurses’ use of PPE on their vital signs during the COVID-19
pandemic.
METHODS: The present study was executed in a public hospital located in Turkey between October 2020 and December
2020 with a total of 112 nurses, 54 of them were serving in COVID-19 clinics, and 58 of them were working in other
clinics. The data of the study was collected by using the introductory information form, the vital signs measurement, and the
Visual Analogue Scale. The numbers, percentages, means, standard deviation, Chi-square, ANOVA, Mann-Whitney U and
Wilcoxon tests were used to analyze the data.
RESULTS: The mean scores of SpO2, respiratory rate, body temperature, heart rate and blood pressure measurements of
the nurses in the experimental group were compared before and after putting on the PPE. It was found that the difference
between the two averages was statistically significant (p < 0.05).
CONCLUSION: It was found that the use of PPE for a long time causes a decrease in SpO2, increase in respiratory rate,
pulse and blood pressure, as well as the aches in face, ear, nose and head.
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1. Introduction

Coronavirus 2019 (COVID-19) was first identified
in Wuhan, China, in December 2019, before it spread
to the world. After everyone acted with the thought
that nothing would happen to me, or it was too far
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from me in the beginning; and then an illness pro-
cess was experienced, which was close to everyone,
and it was not known, when they would be affected
by the virus [1, 2]. The critical patients exceeded
the capacity of intensive care units, operating rooms
were converted into temporary intensive care units,
and temporary satellite hospitals were built to direct
care for non-critical patients [3].

The precautions such as social distance, use of
masks, hand hygiene and working from home, which
are among the social protection measures, continue
to be taken. Healthcare workers do not have an
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Fig. 1. The study design.

alternative such as social distance and working from
home, and their contact with infected patients 7/24,
and their contact with contaminated surfaces cause
them to be at a greater risk of virus transmission [2,
4]. In this respect, the importance of hand hygiene and
the use of the personal protective equipment (PPE) in
health institutions to protect against COVID-19 have
increased. A number of problems have emerged in
healthcare workers with long-term PPE use, such as
hunger, difficulty in breathing, itching on the skin,
facial redness, headaches, ear pain due to the use of
N95 masks [5–7].

Nursing is defined as a profession that provides
holistic and humanistic care to the physiological and
psychosocial needs of the patient or healthy individ-

uals’ existing or potential problems [8]. Today, as
throughout the historical process, the nurses have
been at the forefront of the fight against health-
threatening epidemics worldwide, and will continue
to fight on the front lines in the future [4]. In this
struggle, it is important for nurses to provide holis-
tic patient care, continuity in nursing care, shortening
of hospital stay due to the pandemic, reducing mor-
tality, reducing infection and increasing the quality
of life [9]. In order for the nurses to provide the
desired/expected care, they must have good work-
ing conditions, adequate nutrition and rest, and the
PPE they use should not cause any harm. No study
has been found in the literature that examines the
effects of the PPE use on healthcare workers’ vital
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signs during the COVID-19 pandemic. In this respect,
the current paper, which is expected to contribute to
the literature, was carried out as a quasi-experimental
study in order to examine the effect of PPE use by
the nurses on their vital signs during the COVID-19
pandemic.

The hypotheses of the study

H0: The use of PPE does not affect the vital signs of
nurses.
H1: The use of PPE affects nurses’ vital signs.

2. Methods

The current research was designed using a pre-test-
post-test control group quasi-experimental model.

The ethics and institution approval (Ethics Com-
mittee Number: 2020/27) were obtained from
Clinical Research Ethics Committee of a university.
Written informed consent was obtained from the
nurses who agreed to participate after they were
informed about the study.

2.1. Research design

The present research was conducted in a public
hospital located in Turkey between October 2020 and
December 2020. The population of the study included
all of the nurses in the chosen hospital. In the study,
it was aimed to reach all nurses by not choosing a
sample. A total of 130 nurses works in the hospital,
63 in COVID-19 clinics and 67 in other clinics. The
study was conducted with a total of 112 nurses, as
15 nurses had chronic diseases and 3 nurses left the
study.

Inclusion criteria for the experimental group

– Working in any of the COVID-19 clinics and
using PPE,

– Does not have a chronic disease such as hyper-
tension, diabetes, asthma, COPD,

– Volunteer to participate in the study,
– The nurses without communication problems

were included in the study.

Inclusion criteria for the control group

– Working in units other than COVID-19 clinics,
– Only using masks from the PPE,
– Does not have a chronic disease such as hyper-

tension, diabetes, asthma, COPD,

– Volunteer to participate in the study,
– The nurses without communication problems

were included in the study.

2.2. Data collection tools

The data were collected by measuring the introduc-
tory information form and the vital signs. The PPE
used can be listed as: Medical or N95/FFP2 masks,
eye or face shield, apron/overalls, cap, gloves, and
disposable foot protectors/galoshes.

2.2.1. The introductory information form
This form was created by the researchers. It

consisted of six questions including age, gender, edu-
cational status, marital status, and the duration of
employment [7, 8, 10].

2.2.2. The vital signs
The vital signs form consisted of six questions

evaluating the nurses’ blood pressure, pulse, SpO2,
body temperature, location and severity of the pain.
The blood pressure, pulse and SpO2 values were
taken through the monitor. A non-contact infrared
thermometer with a screen sensitivity of 0.1 degrees
was used for the measurement of the body temper-
ature. The calibrations of the devices were made
regularly.

2.2.3. The assessment of pain
After removing the PPE, the locations and the

severity of pain, which the nurses experienced, were
questioned. The Visual Analogue Scale was used.
The scale was used to measure the severity of pain,
was accepted in the world literature, and it was also
reliable and easily applicable. The Visual Analogue
Scale was used to convert the values that could not
be measured numerically. It is a scale that starts with
-0- “no pain”, at the other end -10- “there is very
severe pain” and each cm is given numerical values
at intervals of one centimeter (cm) [11].

2.3. Data collection

The data were collected by the researchers between
October 2020 and December 2020 by face-to-face
interviews in 20–25 minutes.

The preliminary interviews were made with the
nurses, who met the inclusion criteria for the study.
In the pre-interview with the volunteer nurses, the
work schedule was discussed and the day the study
would take place was determined.
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2.3.1. The experimental group
The nurses working in COVID-19 clinics and

wearing PPE were included in this group. The
PPE included N95/FFP2 masks, eye or face shield,
apron/overall, cap, gloves, and disposable foot
protector/galoshes. The nurses wore protective equip-
ment for four hours (240 minutes). Sometimes this
period was exceeded (in cases such as helping friends,
emergency intervention). The blood pressure, heart
rate, SpO2, respiratory rate and body temperature of
the nurses were measured before wearing the pro-
tective equipment. Next, after removing the PPE,
the blood pressure, pulse, SpO2, respiratory rate,
and body temperature of the nurses were measured
again.

2.3.2. The control group
The nurses working in clinics other than COVID-

19 clinics and wearing only masks from the PPE were
included in this group. Before starting the work, blood
pressure, heart rate, SpO2, respiratory rate, and body
temperature of the nurses were measured. The blood
pressure, pulse, SpO2, respiratory rate and body tem-
perature of the nurses were measured again after four
hours of work.

2.4. Evaluation of the research data

The statistical analysis of research data was eval-
uated with the SPSS for Windows 24.0 package
program. To examine the normal distribution, it was
found that the data were not normally distributed
using the Kolmogorov Smirnov test. The number,
percentage, mean, standard deviation, Chi-square,
ANOVA, Mann-Whitney U and Wilcoxon tests were
used to analyze the data. While interpreting the
results, the significance level was taken as p < 0.05.

3. Results

No statistically significant difference was found
between the experimental (n = 54) and control groups
(n = 58) in terms of age, gender, educational status,
marital status, years of employment in the profession
(p > 0.05) (Table 1) and this shows that the two groups
are similar.

When the mean scores of SpO2, respiratory rate,
body temperature, heart rate and blood pressure were
compared between the nurses in the experimental
group (n = 54) before putting on the PPE and the
nurses in the control group (n = 58) before start-

Table 1
Comparison of the control variables of the experimental and control groups

Introductory characteristics Experimental group Control group *Significance
(N = 54) (N = 58)

Age Number Percentage Number Percentage
Between 18 to 25 years 22 40.7 17 29.3 x2 = 3.162, p = 0.206
Between 26 to 30 years 18 33.4 17 29.3
≥ 31 years 14 25.9 24 41.4

Gender
Female 30 55.6 34 58.6 x2 = 0.107, p = 0.446
Male 24 44.4 24 41.4

Education status
High school/Associate degree 26 48.1 23 39.7 x2 = 0.820, p = 0.237
Undergraduate/Postgraduate 28 51.9 35 60.3

Marital status
Married 28 51.9 24 41.4 x2 = 0.812, p = 0.367
Single 26 48.1 34 58.6

Working years in the profession
≤ 1 year 5 9.3 5 8.6 x2 = 0.858, p = 0.835
Between 2 to 5 years 24 44.4 24 41.4
Between 6 to 10 years 19 35.2 19 32.8
≥ 11 years 6 11.1 10 17.2

Experimental group Control group
X ± SD X ± SD

Age average (years) 28.20 ± 6.04 30.03 ± 7.18 **F = 1.029, p = 0.449

Personal protective equipment wear time (minutes) 252.77 ± 104.47 240.00 ± 00.00

*Chi-square test **ANOVA.
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ing to work, the difference between the groups was
not statistically significant (p > 0.05). In other words,
p > 0.05 is similar in terms of SpO2 and vital signs
of the nurses in the experimental and control groups.
When the average scores of SpO2, respiratory rate,
body temperature, heart rate and blood pressure were
compared between the nurses in the experimental
group (n = 54) after taking off the PPE and the nurses
in the control group (n = 58) after the 4-hour shift, it
was found that the difference between the groups was
statistically significant (p < 0.05) (Table 2).

When the mean scores of the nurses in the exper-
imental group (n = 54) for SpO2, respiratory rate,
body temperature, heart rate and blood pressure were
compared before putting on the PPE and after tak-
ing off the PPE, it was found that the difference
between the two averages was statistically significant
(p < 0.05). When the SpO2, respiratory rate and body
temperature measurement mean scores of the nurses
in the control group (n = 58) were compared before
starting to work and after the 4-hour shift, the dif-
ference between the two averages was statistically
significant (p < 0.05); It was determined that the dif-
ference between the heart rate and blood pressure
measurement mean scores was not statistically sig-

nificant (p > 0.05) (Table 2) (In other words, p > 0.05
reveals that the nurses in the control group (n = 58)
did not have different results in terms of pulse and
blood pressure before they started to work - after the
4-hour shift was over).

When the head, ear, nose and face pain severity
scores of the nurses in the experimental group (n = 54)
after taking off the PPE and after the 4-hour shift
in the control group (n = 58) were compared, it was
determined that the difference between the groups
was statistically significant (p < 0.05); it was also
determined that the difference between the groups
in terms of eye and neck pain severity scores was not
statistically significant (p > 0.05) (Table 3). In other
words, p > 0.05 showed that the nurses in the exper-
imental group (n = 54) after removing PPE and in
the control group (n = 58) after a 4-hour shift did not
show different results in terms of eye and neck pain
intensity.

4. Discussion

The use of PPE in order to protect against infection
for healthcare workers is becoming more and more

Table 2
Comparison of the average vital signs of the nurses in the experimental and control groups before and after using PPE

Vital signs Before Before After taking After the
putting on starting off the PPE 4-hour shift
the PPE work

Experimental Control Experimental Control
group group group group

X̄ ± SD X̄ ± SD Sig.* X̄ ± SD X̄ ± SD Sig.*

SpO2 98.00 ± 1.21 98.00 ± 1.55 p = 0.057 95.00 ± 3.01 95.00 ± 3.01 p = 0.033

Respiratory rate/minute 16.39 ± 1.28 16.25 ± 1.31 p = 0.258 18.09 ± 2.72 17.42 ± 1.95 p = 0.001

Body temperature/◦C 36.33 ± 0.29 36.45 ± 0.30 p = 0.351 37.11 ± 0.75 36.67 ± 0.36 p = 0.001

Pulse/minute 84.47 ± 12.07 83.34 ± 10.02 p = 0.156 98.75 ± 14.08 81.18 ± 9.09 p = 0.001

Blood pressure (mmHg)
Diastole 111.13 ± 10.54 110.78 ± 10.43 p = 0.944 114.80 ± 13.61 110.37 ± 12.35 p = 0.001
Systole 65.31 ± 8.85 65.53 ± 8.86 p = 0.468 71.39 ± 11.87 66.81 ± 10.25 p = 0.030

Experimental group Control group

Vital signs Before putting After taking Before starting After the end of
on the PPE off the PPE work the 4-hour shift

X̄ ± SD X̄ ± SD Sig.** X̄ ± SD X̄ ± SD Sig.**

SpO2 98.00 ± 1.21 95.00 ± 3.01 p = 0.001 98.00 ± 1.55 95.00 ± 3.01 p = 0.001

Respiratory rate/minute 16.39 ± 1.28 18.09 ± 2.72 p = 0.001 16.25 ± 1.31 17.42 ± 1.95 p = 0.001

Body temperature/◦C 36.33 ± 0.29 37.11 ± 0.75 p = 0.001 36.45 ± 0.30 36.67 ± 0.36 p = 0.001

Pulse/minute 84.47 ± 12.07 98.75 ± 14.08 p = 0.001 83.34 ± 10.02 81.18 ± 9.09 p = 0.242

Blood pressure (mmHg)
Diastole 111.13 ± 10.54 114.80 ± 13.61 p = 0.001 110.78 ± 10.43 110.37 ± 12.35 p = 0.609
Systole 65.31 ± 8.85 71.39 ± 11.87 p = 0.001 65.53 ± 8.86 66.81 ± 10.25 p = 0.249

SpO2 = Oxygen saturation of the blood, *Mann-Whitney U Test, **Wilcoxon Test, p < 0.05.
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Table 3
Comparison of the average pain severity and its location of the nurses in the experimental group after taking off the PPE and the nurses in

the control group after the end of the 4-hour shift (n = 112)

After taking off the PPE After the end of the 4–hour shift
Location of the pain Experimental group Control group

X̄ ± SD X̄ ± SD Significance*

Head 4.08 ± 3.39 2.34 ± 2.47 p = 0.033
Ear 3.62 ± 3.67 1.75 ± 2.05 p = 0.001
Nose 3.85 ± 3.32 1.45 ± 1.99 p = 0.001
Face 2.26 ± 2.77 0.89 ± 1.75 p = 0.001
Eye 0.50 ± 1.99 0.50 ± 1.45 p = 0.372
Neck 0.86 ± 2.14 1.00 ± 1.95 p = 0.839

*Mann-Whitney U Test, p < 0.05.

important every day due to the increasing number
of cases caused by COVID-19 worldwide and the
concerns of not knowing when the pandemic will end.
After the use of PPE, some negative consequences
occur in nurses. The current study examined the effect
of PPE use of the nurses on their vital signs during
the COVID-19 pandemic.

It was found that the nurses in the experimental
group had a decrease in their SpO2 averages after
taking off the PPE, and their respiratory rate, body
temperature, pulse and blood pressure measurements
also increased; It was found that there was a statisti-
cally significant difference between the mean scores
of the vital signs before putting on the PPE and
after taking off the PPE. The face masks were vital
in protecting healthcare workers against COVID-19.
N95 masks were 95% effective at filtering airborne
particles, including very small particles. Wearing a
mask for a long time causes a series of physiological
and psychological burdens and can reduce work effi-
ciency. Because face masks cover both the nose and
mouth, they cause a decrease in the cooling effect
of the face temperature [12, 13]. Prolonged use of
N95/FFP2 masks may cause hypercapnia as a result
of the insufficient ventilation and elevated carbon
dioxide levels. The exhaled CO2 accumulates in the
part between the mask and the face, which causes an
increase in lung ventilation and respiratory activity.
Hypoxemia symptoms such as chest discomfort and
tachypnea are also noted in healthcare workers who
use masks for a long time. Due to the accumulation
of CO2 in the blood, there is an increase in respira-
tory rate, heart rate, body temperature, blood pressure
and a decrease in SpO2 levels. At the same time, the
related situation causes confusion, cognitive impair-
ment, and disorientation [14]. When using the PPE,
the body’s need for nutrients and oxygen increases
due to the effort exerted during the patient care, and
the heart contracts more to send extra blood to meet

this need. In addition, eating, resting, full and tight
bladders are other factors that affect blood pressure.
Again, the increase in body temperature while wear-
ing the PPE causes an increase in pulse rate [15]. It
was determined that there was a decrease in the SpO2
averages of the nurses in the control group before they
started to work and after the 4-hour shift, and a sig-
nificant increase in their respiratory rate and body
temperature measurement averages. It was observed
that the nurses in the control group wore medical
masks and their respiratory rate, body temperature
and SpO2 values were negatively affected by their
vital signs during the 4-hour shift. The face masks
increase perspiration and warmth in the perioral area.
Wearing the face masks for a long time causes a
decrease in heat loss from the body through various
mechanisms such as conduction, convection, evapo-
ration and radiation [16]. In the studies conducted in
the literature, it has been determined that healthcare
workers have difficulty in breathing with effort while
wearing the face masks [8, 12, 17]. Due to long-term
wearing of apron/overalls, foot protectors/galoshes,
bonnets, an increase in body temperature develops,
and because of the elevated heat of the body, sweating
occurs.

There was no statistically significant difference
between the mean scores of SpO2, respiratory rate,
body temperature, heart rate and blood pressure mea-
surements of the nurses in the experimental group
before putting on the PPE and the nurses in the control
group before starting to work. However, a significant
difference was found between the mean scores of
SpO2, respiratory rate, body temperature, heart rate
and blood pressure measurements of the nurses in the
experimental group after taking off the PPE and after
the 4-hour shift of the nurses in the control group. This
result shows that the use of PPE causes significant
changes in SpO2, respiratory rate, body temperature,
pulse and blood pressure. This result supports the H1
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hypothesis that the use of PPE affects the vital signs
of nurses.

It was found that pain in the head, ear, nose, face,
eyes and neck due to the use of PPE were observed in
both groups. Human skin is the first defense barrier
against physical, mechanical and chemical factors.
Long-term PPE use adversely affects the skin due to
continuous pressure, friction, and moisture [18]. In
the literature, the use of PPE causes redness and pain
in the nasal bone, cheekbones, forehead, chin, ears
and behind the ears where it contacts the skin [10,
18–20]. there are also studies reporting that long-term
PPE use caused headaches [8]. It was determined that
there was a statistically significant difference between
the average points of pain severity in the head, ear,
nose and face of the nurses in the experimental group
after taking off the PPE and in the control group after
the 4-hour shift. After taking off the PPE, the nurses
in the experimental group had higher average points
of pain in the head, ear, nose and face compared to
the control group.

The nurses working in COVID-19 clinics had fur-
ther use and duration of the PPE than the nurses
working in other clinics. The nurses working in other
clinics wore only masks or additional face shields,
and they could periodically reduce the pressure on the
skin. It should be noted that face shields and glasses
reduce visual acuity and are suitable for head-neck
anatomy [21]. In a study, it has been revealed that as
the duration of PPE usage increases, serious damage
is caused to the face, ears and back of the ears [19].
The studies in the literature indicated that healthcare
workers had headache complaints due to the use of
N95 masks [6, 7, 22]. The use of tight masks/glasses
puts pressure on the face and cervical nerves and as a
result, headache develops [6]. In addition, long-term
use of masks caused irregular meal times, hydration
and headaches due to stress [7]. The findings of this
study are in line with the related literature.

5. Conclusion

In the current study, it was concluded that using
the PPE negatively affected the vital signs of nurses.
This result is striking. It has been determined that the
nurses working in COVID-19 clinics have been much
more negatively affected by the use of PPE than the
nurses working in other clinics. Long-term use of the
PPE was found to cause a drop in SpO2, increased
respiratory rate, heart rate and blood pressure, as well
as the aches in face, ear, nose and head.

The pandemic still continues in the world, and it
is predicted to continue in the future. In this respect,
it is imperative for nurses to continue using the PPE
to protect their health. In order to reduce the negative
effects of PPE, short shifts, not to miss meal times,
ensuring hydration, taking rest breaks, nurse changes
(if possible) in case of hyperventilation, loosening the
PPE at intervals to reduce the pressure on the skin,
and in long-term use of the PPE, choosing a mask
suitable for the face, and using tape to avoid the PPE
injuries are recommended.

5.1. Limitations

The present study has revealed important results in
terms of changes in the vital signs of nurses who work
at the forefront of the COVID-19 pandemic. Although
the study has its strengths, it also has limitations. The
nurses with high body mass index were not evaluated
and their sleep quality, stress levels, physical activi-
ties, nutrition and smoking status were not included
in the current study. These factors affect vital signs
as well.
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