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Abstract

One of the major problems of public health is the transmission of respiratory infections in clinical care settings. Healthcare workers
(HCWs) are exposed to a wide range of respiratory threats, such as severe acute respiratory syndrome (SARS), influenza A, and
COVID-19. Meanwhile, personal protective equipment (PPE) especially N95 and surgical masks play a key role in preventing trans-
mission and infection of respiratory infections in clinical settings. Despite the advantages and uses of surgical and N95 masks, these
also have side effects. This literature review was conducted to examine the various side effects of surgical and N95 masks in HCWs.
According to the results of this study, the side effects of surgical and N95 masks include skin, respiratory, cardiac, and neurological. In
general, although the use of respiratory protection equipment is essential in HCW, the use of surgical and N95 masks adversely affects
communication, physiological, and psychological abilities in HCW. In particular, it is severe in vulnerable people, such as pregnant
women, and those with respiratory problems, such as chronic obstructive pulmonary disease. Therefore, there is a lack of training
guidelines to improve the safety of HCWs.
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1 | Introduction used to provide daily care for patients with acute respiratory in-

One of the major problems of public health is the transmission of
respiratory infections in clinical care settings [1], which is still the
most common occupational disease in developed countries, de-
spite the reduction in the prevalence of skin diseases [2].
Healthcare workers (HCWs) are exposed to a wide range of res-
piratory threats, including biological and chemical substances,
such as viruses and bacteria [3-5]. In recent decades, biological
hazards have emerged with the emergence of certain diseases,
such as severe acute respiratory syndrome (SARS), influenza A,
treatment-resistant tuberculosis [6], and the re-emergence of a
new coronavirus called COVID-19 [7] in the 21st century, is an
increasing threat to the health of HCWs [6]. Transmission of res-
piratory infections occurs primarily through contact and drip
trays, and surgical masks, gloves, goggles, and eye protectors are

fections [8, 9]. On the other hand, there are concerns about the
transmission of respiratory particles through the air, but the results
of these studies are contradictory and unproven [10-14]. How-
ever, evidence of the spread of some viruses, such as influenza
and COVID-19, has recently been found in aerosols [15, 16].
Meanwhile, personal protective equipment (PPE) plays a key
role in preventing transmission and infection of respiratory infec-
tions in hygienic settings. Especially in the early stages of epi-
demics, where usually no medication or vaccine is available [17].
The Centers for Disease Control and Prevention offers advice on
the use of gloves, respiratory protection (such as disposable
masks and N95), eye protection (such as goggles or facial dispos-
able shields), and non-use of shoe covers to HCWSs who come in
contact with suspected patients with respiratory infections [18].
The results of a study showed that 21.2% of people reported skin
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symptoms due to the use of PPE, specifically gloves, frequent
hand washing, and use of various disinfectants and masks, the
most common symptoms, include redness, dry skin, itching, rash,
clefts, edema, pain, respectively [19]. Among the PPE types, the
most popular are HCW, N95, and Surgery Masks [20]. The
World Health Organization (WHO) and the Centers for Disease
Control and Prevention have also recommended the use of N95
masks to prevent airborne infectious diseases [21, 22]. Due to the
protection of the entry of aerosols of more than 0.3 microns by
the N95 mask, the results of some studies have shown that there
is an advantage to N95 masks over surgical masks. However, this
finding has not been conclusively proven [8, 23-25]. With all the
benefits and uses of N95 and surgery masks, there are negative
physiological effects, such as shortness of breath, headache, and
dizziness in patients [26, 27], and complications, such as contact
dermatitis (most common) [2, 28, 29], heat around the face, dif-
ficulty breathing, acne, and headaches in HCW [30]. Comparing
the two masks, a study showed that N95 masks have more per-
meability and local pressure than other masks, which can be as-
sociated with skin symptoms [31]. N95 and surgical masks con-
tain formaldehyde and other preservatives that can contribute to
the induction of contact dermatitis [32]. On the other hand, mois-
ture, heat, and friction can aggravate the symptoms [2, 31]. Also,
a recent study in China on HCW found that 49% reported mask-
related skin reactions, the most common of which were 41.8% of
facial skin problems and 17.1% of respiratory problems, respec-
tively [31]. On the other hand, women reported a higher preva-
lence of skin reactions [19, 31].

Numerous nursing studies have found that the use of surgical
masks and N95 respirators can present challenges for nurses. In
Awstralia, a study showed that N95 masks were notably linked to
pre-existing skin conditions, with female nurses experiencing a
greater impact [33]. Additionally, a study in Iran found that PPE,
such as masks, may be associated with headaches among nursing
staff [34].

Given the importance of using a variety of masks for HCWs
and patients, this literature review was conducted to examine the
various side effects of surgical and N95 masks in HCWs.

2 | Methods

A thorough research was performed on PubMed and Scopus da-
tabases to find relevant articles using specific key terms selected
including “side effects", "nursing”, “N95 mask”, and “‘surgical
mask” by using medical subject headings and Boolean operators
such as "AND" and "OR". In this study, 200 articles related to

N95 masks, PPE, and surgical masks associated with nursing

were selected. The articles about ventilation masks, as well as
those published before 2000, were excluded. Additionally, to en-
sure that valuable studies were included, the references of the in-
cluded articles were searched to identify other related studies.
Eventually, the review included 50 studies that were extracted
and considered relevant.

3 | Results

3.1 | Surgery and N95 Masks

In general, the two main types of masks used in health care are
surgical and N95 masks. There is conflicting evidence among the
results of studies to make it more effective in medical care [35].
Surgery masks are used to protect patients to prevent the trans-
mission of microorganisms and body secretions. Surgical masks
are also used to protect HCW from contact with large infectious
droplets (> 5mcm) [36]. Respiratory pathogens are more com-
mon on the outer and upper surfaces of surgical masks, and the
maximum use time for this type of mask is six hours. If you use
this type of mask, the risk of getting the disease will increase for
more than six hours [37]. The number of bacteria on the surface
of surgical masks increases with increasing working time. Surgi-
cal masks can be a source of accumulation and transmission of
bacteria if used for a long time, so it is recommended that HCWSs
be able to change their masks at rest. Also, the use of high-filtra-
tion masks, such as double-layer masks, is an effective measure
to reduce mask contamination [38]. The N95 mask, approved by
the National Institute for Occupational Safety and Health, is a
type of face respirator [3], which uses a new technology made of
propylene fabric and increases the density and performance of the
filter. N95 masks filter out at least 95% of particles with a size of
300 nm or more [39, 40]. From a theoretical point of view, the
N95 mask is made of four to five layers of polypropylene. The
other part consists of one to two electret layers that may cause
CO; to accumulate [35]. Each N95 mask should be on the per-
son's face for a maximum of 12 hours and then replaced. If re-
used, it should be discarded after five days [41]. Protective breath-
ing devices affect HCW performance and can cause physical,
mental, and motor problems and increase anxiety. The use of
masks can cause changes in heart rate, blood pressure, body tem-
perature, sweating, and oxygen levels [42]. The most common
complication of this type of mask is acne. Whenever nurses close
the masks tightly, and as a result of the pressure caused by tightly
closing this type of mask in hot and humid conditions, causes
acne [39, 40]. N95 Mask has side effects such as headache [40]
and tachycardia [43] in users of this mask. However, it has been
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reported that such complications are due to poor mask connec-
tions [43, 44]. The side effects of N95 masks are presented in Fig-
ure 1.
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Figure 1. Side effects of N95 masks.

3.2 | Application of N95 and Surgical Masks

One of the most challenging issues in N95 and surgery masks is
the permeability of these masks to viruses. According to studies,
the permeability of N95 masks to viral agents may be less than
95%, especially at higher inhalation flow rates. On the other hand,
the performance of surgical masks is much lower than that of
N95 masks, and viral agents easily pass through them [45]. Due
to the lack of sufficient evidence, there is no significant difference
between the use of N95 and surgery masks to prevent the trans-
mission of acute respiratory infections to HCWs. However, N95
masks are more efficient than surgical masks due to less permea-
bility [8]. The use of filtering facepiece respirators with an exha-
lation valve (EV) and active venting system, reduces complica-
tions and pressure and ultimately facilitates HCW [46, 47]. An-
other study found that ambient temperature was an important fac-
tor in the comfort and effectiveness of N95 masks among HCW.
Of course, there was no significant relationship between general
comfort and room humidity [48].

33 | N95 and Surgical Masks and COVID-19 Pan-
demic

In the COVID-19 epidemic, the use of surgical and N95 masks,
as one of the most important ways to combat the increase in in-
fection and mortality in normal people and HCWs, due to the im-
portant route of disease transmission (respiratory) Was proposed

[49]. Therefore, several studies have examined the effectiveness
of these two masks on SARS-COV-2. One study found that in
people with COVID-19, people who used a simple mask, it was
twice as high as in people who used N95 masks [50]. But in an-
other study that looked at the use of these masks in influenza virus
disease, there was no difference between using the N95 mask and
surgery mask for the disease, which could be due to the different
nature of COVID-19 and influenza [51]. However, given that the
N95 masks can protect the HCW from over 0.3 mcm of aerosols.
On the other hand, the data show that N95 masks are superior to
surgical masks in preventing COVID-19 [8, 52]. Therefore,
HCWs in the intensive care unit (ICU) due to the production of
aerosol particles by aerosol-producing procedures, such as the
use of intubation, suction, use of nebulizers, and ventilation
modes such as continuous positive airway pressure, bilevel posi-
tive airway pressure, and high-flow nasal cannula oxygen pays
special attention [24]. In any case, HCWSs should use N95 and
surgical masks to protect their safety, especially in the ICU [53].
On the other hand, in another study, surgical masks did not effec-
tively HCW protect against SARS-CoV-2. Also, the outer sur-
faces of surgical masks are more contaminated than the inner sur-
faces [54]. Also, in nursing care, Li et al., (2021) report that
healthcare systems struggle with shortages, leading to competi-
tion for supplies and reuse of N95 masks by doctors and nurses
for days and weeks [55]. Further, the best compound for the rapid
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deactivation of SARS-CoV-2 is Vaporized Hydrogen Peroxide
(VHP), which maintains the integrity of the N95 mask under la-
boratory conditions. In case of shortage of respiratory protection
devices, N95 masks can be used up to three times, in case of dis-
infection with VVHP and ultraviolet rays, and also in case of disin-
fection of N95 masks with dry heat, it can be used up to twice.
However, the correct operation of N95 masks must be ensured
using qualitative testing tools [56].

34 | Noncompliance to Application of N95 and Surgical
Masks

Although the use of masks in HCW is essential to prevent occu-
pational transmission of nosocomial infections, studies have
shown that non-compliance with masks is associated with the
side effects of this equipment, especially a variety of masks [57,
58]. In the context of COVID-19 outbreaks, Datta et al., (2022)
found that despite a universal masking mandate, compliance with
face-mask usage among nursing staff remained inadequate [59].
These include difficulty breathing, physical discomforts, com-
munication problems, overheating, and adverse skin reactions,
such as itching, dry mouth, sneezing, pimples, and inability to ex-
press facial expressions. On the other hand, breathing with N95
masks can cause tolerating halitosis, patients and clients with
hearing problems are unable to communicate with HCW through
lip-reading [6, 60, 61].

35 | Side effects of N95 and Surgical Masks

35.1 | Relationship between demographic characteristics
and side effects of masks

Based on the results of studies, there is no significant relationship
between demographic variables, such as age, sex, height, and
weight of people with side effects. Nurses have been using N95
masks for a long time, so the conditions for these masks should
be comfortable. There is a significant relationship between ambi-
ent temperature and ease of use of these masks, but relative hu-
midity had no effect on comfort, and people complained of short-
ness of breath and discomfort in the ear lobes. Room temperature
is an important factor in the comfort of wearing N95 masks [48].
Wearing masks for a long time, the temperature of the air on the
face affects the overall body temperature. The acceptable time to
wear respiratory protection devices at a temperature of 18 °C is
one hour in the workplace, and with increasing air temperature
and continuous work in hospitals, the comfort of HCW is re-
duced. Also, this increase in temperature affects the useful work
time of the HCWSs and reduces the acceptable amount of working
time [43]. Due to the differences between different people in us-
ing masks, people’s resistance to pressure is different. As such,

some may have higher levels of anxiety. Also, some people can
tolerate hot and humid conditions in masks and some cannot.
Therefore, due to the uniqueness of each person, the incidence of
side effects of surgical and N95 masks varies from person to per-
son [62] and small changes in the design of N95 masks can have
many effects on the fit and performance of this type of mask [63].

35.2 | Side effects of the skin

There are few studies on skin complications due to the use of face
masks by nurses and other HCWs [2, 64]. A study of people who
used the N95 mask for 8 hours a day reported skin problems such
as acne (59.6%), itching (51.4%), rash (35.8%), pigmentation
(7.3%), scarring at the nasal bridge (3.7%), dry skin (1.8%),
Wales (0.9%), increased skin thickness (0.9%), runny nose and
redness (0.9%), severe asthma (0.9%), and scaling or peeling
(0.9%), but those who wore surgical masks did not show any skin
problems. These side effects were not related to age, sex, or race
[2, 39]. In another study, in addition to N95 masks, surgical
masks also caused skin complications, such as dermatitis, acne,
and patches [2, 65]. Facial eczema is another side effect of the
long-term use of masks, which can be prevented by using creams
and ointments and placing a bandage under the edges of the mask
[66-68].

35.3 | Respiratory side effects

Using N95 masks for four hours or more significantly reduces the
amount of PaO,, shortness of breath, hypoxemia, and respiratory
distress, and increases chest discomfort [69]. In a study of hemo-
dialysis patients who used N95 masks, 70% had a decrease in
PaO;, 19% had varying degrees of hypoxemia, increased chest
pressure, and respiratory distress [70]. According to a study by
Rebmann et al., 90% of nurses could wear respiratory protection
for two 12-hour shifts without any issues. However, the study
found that carbon dioxide levels increased when comparing an
N95 mask with a surgical mask to only an N95 mask. Despite
this, the changes were not considered clinically relevant. Over
time, the study found that perceived exertion, perceived shortness
of air, complaints of headache, lightheadedness, and difficulty
communicating also increased. The study also found that almost
one-quarter (22%) of respirator removals were due to reported
discomfort. The study observed that N95 adjustments increased
over time, but other compliance measures did not vary. However,
compliance increased on the second day, except for adjustments,
touching under the N95, and eye touches [60].
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35.4 | Side effects of surgical and N95 masks in chronic ob-
structive pulmonary disease (COPD) patients

Current knowledge based on past studies shows that the use of
N95 masks in patients with mild respiratory diseases (FEV: >
50%) does not cause significant respiratory complications. How-
ever, using the N95 mask can increase resistance to flow and
dead space. Therefore, the use of an N95 mask is recommended
in COPD patients to protect against particulate matter. The use of
N95 masks in people with COPD who have an FEV; of less than
30% should be done with extreme caution due to the increased
risk of hypoxic induction and hypercapnic respiratory failure.
However, patients with COPD are advised to use N95 masks in
the presence of airborne particles, but in severe COPD, which is
associated with modified medical research council dyspnea scale
score scores >3, or FEV; < 30%, they should also consider this
point, in case of headache, dizziness, and shortness of breath to
remove this mask [26, 71].

355 | Cardiovascular side effects

According to studies, the use of respirators increases the heart rate
during work in HCW [72-74]. Also, Li et al., (2005) discovered
that N95 and surgical facemasks create different microclimate
conditions leading to various effects on heart rate, thermal stress,
and subjective discomfort among nurses’ staff [43]. Fikenzer et
al., (2020) also found that wearing N95 and surgical masks
among healthy individuals can lead to a decrease in cardiopulmo-
nary exercise capacity and comfort [75].

356 | Nervousside effects

Continued use of N95 masks for more than four hours causes
headaches, and in a study, 37.3% of people who used this type of
mask had headaches and used painkillers. Also, 32.9% of peaple
had headaches more than six times a month. Therefore, shorten-
ing the time of using N95 masks can reduce the frequency and
severity of headaches. Causes associated with this complication
include hypoxia, hypercapnia, mechanical factors, and stress [40,
76]. Other neurological complications include anxiety in those
who wear N95 masks because this factor is related to forms of
natural respiration [77]. On the other hand, wearing an N95 mask
for an hour does not increase the body's core temperature. There-
fore, complaining of respiratory-related thermal discomfort may
be rooted in the thermal sensations of the facial skin [78, 79].

357 | Side effects in vulnerable groups

Pregnant women have more respiratory burden due to physiolog-
ical changes, increased oxygen demand, increased airway re-
sistance, and decreased functional residual capacity due to dia-
phragm curvature. These have exacerbated the physiological
shortness of breath during pregnancy, which can make the use of
masks, especially N95, a challenging argument in pregnant
women [80, 81]. In this regard, in connection with the protection
of the respiratory system in HCWs, there is limited and contra-
dictory information about some viral epidemics. In pregnant
HCWSs who use N95 masks, the use of this type of mask reduces
VCO; (17.7%), VO, (13.8%), TV (23%), and VE (25.8%), and
reduces gas exchange. and puts extra pressure on the metabolic
system to provide the oxygen it needs. Long-term use of N95
masks in pregnant nurses prevents the exchange of sufficient gas
and imposes an additional burden on their metabolic system,
however, the use of this type of mask prevents the occurrence of
dangerous infectious diseases [80]. Due to the low evidence for
side effects of surgical and N95 masks in children, as another vul-
nerable group, however, a study showed that N95 masks in chil-
dren, if specific to their age, would be acceptable [82].

35.8 | Sideeffects of simultaneous use of surgical masks and
N95

Using N95 masks during two consecutive work shifts can cause
side effects such as shortness of breath, headache, shortness of
breath, increased CO,, lightheadedness, and difficulty communi-
cating over time [83]. One of the controversial challenges in us-
ing N95 masks is to adjust these types of masks on the face during
work, which in turn breaks the chain of infection control. Also, in
nurses who use surgical masks on N95 masks, complaints such
as nausea, increased CO, shortness of breath, headache, light-
headedness, difficulty communicating with patients and col-
leagues, reduced comfort, reduced O, and Heart rate increased
more than people who only use N95 masks [84]. Nurses with
higher body mass index reported higher rates of complaints such
as hypertension, shortness of breath, discomfort, nausea, warmth
when wearing it, headache, lightheadedness, increased heart rate,
increased CO,, decreased O, and vision problems [60]. On the
other hand, another study showed that there is no significant dif-
ference in heart rate, respiration rate, minute volume, current vol-
ume, oxygen, and CO, saturation through the skin with the sim-
ultaneous use of an N95 mask with or without a surgical mask
[85].
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4 | Limitations

This review encountered certain limitations. Despite conducting
a thorough search across various databases, it is plausible that not
all studies pertaining to this subject were discovered. Further-
more, this review solely focuses on research published in English,
potentially disregarding studies written in different languages.

5 | Clinical implications to nursing practice

The review of studies on the side effects of N95 and surgical res-
pirator masks can have significant clinical implications for nurs-
ing practice. Nurses play a critical role in promoting the use of
PPE and ensuring the safety and well-being of patients and
HCWs. One key implication is the importance of proper fitting
and wearing of N95 and surgical respirator masks to minimize
side effects such as skin irritation, pressure injury, and respiratory
discomfort. Nurses should educate HCWs on the correct donning
and doffing procedures, as well as the proper maintenance of
masks to reduce the risk of adverse effects. Additionally, nurses
should be vigilant for signs of side effects in patients and HCWs
who are required to wear masks for extended periods. They
should provide symptom management and support for those ex-
periencing discomfort or adverse reactions, and advocate for al-
ternative PPE options if necessary. Furthermore, nurses should
be aware of the potential limitations and biases in the studies re-
viewed, and utilize a critical appraisal of evidence-based practice
to guide decision-making in clinical settings. Collaboration with
interdisciplinary teams and ongoing research are essential to ad-
dressing gaps in knowledge and improving the understanding of
the side effects of respirator masks in healthcare practice.

6 | Recommendations for future research

Future research should focus on conducting high-quality, ran-
domized controlled trials to evaluate the impact of different types
of respirator masks on side effects. This can help establish a clear
causal relationship between mask use and adverse reactions. In
addition, many studies reviewed may have focused on the short-
term effects of wearing respirator masks. Future research should
explore the long-term effects of prolonged mask use on skin
health, respiratory function, and overall well-being. Also, studies
on respirator mask side effects should include a diverse range of
HCWs, patients, and settings to ensure the findings are applicable
to a broader population. This can help identify potential differ-
ences in side effects based on demographics, occupational roles,
and environmental factors. Research should evaluate the effec-
tiveness of interventions aimed at preventing and managing side
effects of respirator masks. This can include strategies for proper

mask fitting, skin protection, and respiratory support to minimize
adverse reactions. Future research should investigate alternative
types of PPE that may be less likely to cause side effects while
still providing adequate protection. This can help healthcare pro-
viders identify the most suitable options for different clinical sce-
narios. By addressing these recommendations, future research
can provide valuable insights into the side effects of N95 and sur-
gical respirator masks and inform evidence-based recommenda-
tions for healthcare practice.

7 | Conclusions

We examined the side effects of N95 and surgery masks at
HCW. A closer look at previous studies reveals that knowledge
will help both researchers and health managers. Such knowledge
will help to achieve a safer and more efficient human health sys-
tem, which is associated with a variety of respiratory pathogens.
In general, although the use of respiratory protection equipment
is essential in HCW, the use of surgical and N95 masks adversely
affects communication, physiological, and psychological abili-
ties in HCW. In particular, it is severe in vulnerable people, such
as pregnant women and those with respiratory problems, such as
COPD. Therefore, there is a lack of training guidelines to im-
prove the safety of HCWSs. Also, HCWSs, who use surgical and
95 masks at the same time against COVID-19, should be careful
about the side effects.
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