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Objectives This study aimed to determine the association of personal protective
equipment (PPE) usage with new-onset headaches and exacerbation of pre-existing
headache disorders among healthcare workers at the frontlines during coronavirus dis-
ease 2019 (COVID-19) pandemic.

Materials and Methods A descriptive cross-sectional survey was conducted across
Pakistan in June—July 2020. The study was approved by Ethical Committee, Armed
Forces Institute of Dentistry, Rawalpindi (IRB form no.905/Trg-ABP 1K2). A qualitative
questionnaire was developed and was shared via different social networks. The ques-
tionnaire was closed when 241 responses were received.

Statistical Analysis Descriptive analysis was performed on demographic data.
Chi-squared analysis was performed between demographic data and PPE-usage pat-
terns among participants with or without de novo headaches. Univariable and multivari-
able logistic regression models were used to compare variables with the development
of new-onset headaches. Chi-squared test was also performed between demographic
data and other factors that may be causing new-onset headaches. A p-value < 0.05 was
considered significant.

Results A total of 241 healthcare workers participated, of which 68 participants
(28.2%) reported de novo headaches since the start of the pandemic. Incidence of
pre-existing headaches (odds ratio [OR] = 1.91; 95% confidence interval [Cl]: 0.99-
0.37; p = 0.049) was associated with new-onset headaches. Post hoc multivariable
logistic regression analysis stated that incidence of pre-existing headaches (OR = 1.88;
95% Cl: 0.94-3.78; p = 0.75) and age (OR = 2.21; 95% Cl: 0.47-10.33; p = 0.36) was
independently associated with new-onset PPE-induced headaches but was not statis-
tically significant. Chi-squared analysis showed a statistically significant relationship
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between other factors (sleep deprivation, emotional stress, etc.) and department of
activity, gender, and occupation (p < 0.05).

Conclusion Healthcare workers with previous history of pre-existing headaches were found
to be more susceptible to PPE-induced headaches during COVID-19 pandemic. However, age
and the department where the healthcare workers performed may also be risk factors.

Introduction

The world is in the throes of the coronavirus disease 2019
(COVID-19) pandemic for which the viral agent respon-
sible is severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The initial cases of COVID-19 were identified
in Wuhan, China, in December, 2019 that later spread rap-
idly to almost all the countries around the globe.! Most of the
human infections caused by coronaviruses are mild except
for those caused by SARS-CoV and Middle East respiratory
syndrome-related coronavirus, which belong to betacorona-
viruses, which have been responsible for two major previ-
ous outbreaks.?® The virus spreads mainly through contact,
respiratory droplets, and eye exposure; therefore, respira-
tory and eye protection is required to guard from it.*> For
the currently foreseeable future (i.e., until a safe and effec-
tive vaccine or treatment becomes available for this disease),
COVID-19 prevention will continue to rely on nonpharma-
ceutical interventions, including pandemic mitigation in
community settings®.

In January 2020, COVID-19 was included as group B
category of infectious diseases by the National Health
Commission of China, which necessitate the same pro-
tection measures for healthcare workers as indicated for
group A infections.” By January 30, 2020, the World Health
Organization declared COVID-19 a Public Health Emergency
of International Concern.®

During the escalation of COVID-19 spread, health-
care workers manned the frontlines and wearing of per-
sonal protective equipment (PPE) was made mandatory
for all the healthcare workers coming in contact with the
COVID-19 patients.® PPE includes N-95 mask, protective eye-
wear, gowns covering from head to toe, surgical gloves, and
powered air-purifying respirators.'® However, in Pakistan,
due to shortages of supplies, 3M KN-95 masks with or with-
out surgical facemasks were also reportedly used in many
hospitals as replacement for N-95 masks as part of PPE.

Previous literature has reported that wearing of bands
around the head in the form of protective eyewear and face-
masks has been identified as an etiological factor for head-
aches.!! In patients with pre-existing headaches, this may lead
to exacerbation of pain if the stimulus is prolonged. According
to literature, the possible mechanism can be compression
of occipital and trigeminal nerves.'? Additionally, previous
researches addressed the ergonomic problems with the use of
PPE such as poor fit and discomfort while having it on.">'> The
current coronavirus pandemic has provided the authors with

the opportunity to study the association between long-term
use of PPE and headaches caused by it among healthcare work-
ers. This study hypothesized that PPE-induced headaches can
occur de novo by the compression of pericranial tissues by tight
bands and straps of N-95/KN-95 masks, respirators, and pro-
tective eyewear in conjunction with increased duty hours. This
can also cause exacerbation of pre-existing headache disorders.
Limited literature is available on this correlation and none in
the Pakistani population. The main aim of this study was to
determine the likelihood of new-onset PPE-induced headaches
and exacerbation of pre-existing headaches with PPE usage.
Furthermore, this study attempted to assess the impact of
these headaches on work performances of healthcare workers.

Materials and Methods

A descriptive cross-sectional survey was conducted across
Pakistan in June-July, 2020. The study was approved by
Ethical Committee, Armed Forces Institute of Dentistry,
Rawalpindi (IRB form no.905/Trg-ABP 1K2). A qualitative
questionnaire was developed on Google Forms Inc, which
was reviewed by three senior neurologists to assess accuracy.
Sampling frame included health professionals from various
disciplines working in both public/private medical and dental
institutions across Pakistan during the COVID-19 pandemic.
Informed consent was acquired from all participants.

The questionnaire was shared via different social net-
works (e.g., WhatsApp, Instagram, and Facebook), reaching
an approximate of 260 individuals. The sample size was
calculated using the WHO formula and, with a confidence
level of 95%, margin of error 5%, prevalence (on the basis of
previous literature’) of 81%, a sample of 236 was finalized.
The questionnaire was made unavailable upon reaching
241 responses, with a response rate of 93%. Inclusion crite-
ria involved healthcare workers performing duties during
the COVID-19 pandemic with respiratory protection (in the
form of N-95 masks or KN-95 masks) and/or protective eye-
wear (goggles, face shields or safety glasses). Exclusion crite-
ria were all the healthcare workers who were not currently
practicing.

Convenient sampling technique was used for data collec-
tion. The questionnaire was divided into five sections. The first
section comprised of demographic data including gender, age,
ethnicity, occupation, subspecialty, and department of work,
while the second section comprised of PPE-usage patterns data,
including the type of respiratory and eye protection used as
well as the number of hours per day and days per month worn.
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The third section was related to history of pre-existing head-
aches (if present). The fourth section dealt with any changes in
the frequency and intensity of pre-existing headaches since the
start of the pandemic, while the fifth section dealt with the his-
tory of new-onset headaches s(if experienced) since the start of
the pandemic as well as some personal views of the participants.

Statistical Analyses

Data was entered in and analyzed on SPSS version 23 for
Windows (SPSS Inc, 2003, Chicago, Illinois, United States).
Descriptive analysis was performed on demographic data.
Chi-squared analysis was performed between demographic
data and PPE-usage patterns among participants with or with-
out de novo headaches. Univariable and multivariable logistic
regression models were used to compare variables with the
development of new-onset headaches. To enhance sensitiv-
ity, the variables with a univariable association of <0.2 were
then, analyzed on the multivariable logistic regression model.
Chi-squared test was also performed between demographic
data and other factors that may be causing new-onset head-
aches. A p-value < 0.05 was considered significant.

Results

Atotal of 241 healthcare workers (mean age of 28.5 +6.2) par-
ticipated in this study, of which 53.1% were males (n = 128)
and 46.9% females (n = 113). On the basis of occupation, 70.5%
were doctors (n = 170), followed by dentists (n =53, 22%) and
nurses (n =10, 4.1%). Majority were Punjabis (n = 139, 57.7%),
aged 23 to 30 years (n =198, 82.2%), worked in the COVID-19
isolation wards (n = 66, 27.4%). Of 241 respondents, 21.1%
(n =51) had pre-existing headache disorders (see =Table 1).
Of participants with pre-existing headaches, 37.3% (n = 19)
reported migraines, 25.5% (n = 13) had tension-type head-
aches, while 23.5% (n = 12) reported migraines with aura.

The study concluded that protective eyewear was used
by participants on an average of 5.3 hours per day, 18.7 days
a month with face shield being the most commonly used
gear. Protective respiratory wear was donned on average
of 8.2 hours per day, 21.9 days a month and both respiratory
wear and eyewear combined were used 6.5 hours per day,
18.9 days a month.

Out of 241, 68 participants (28.2%) reported de novo head-
aches since the start of the pandemic, with majority describ-
ing the headache as bilateral in location (n = 47, 69%), with
pressure/heaviness in quality (n = 31, 45.5%) and moderate in
intensity (n = 45, 66%).

Incidence of pre-existing headaches (odds ratio[OR]=1.91;
95% confidence interval [CI]: 0.99-0.37; p = 0.049) was asso-
ciated with new-onset headaches. Age (OR = 3.13, 95% CI:
0.69-14.08; p=0.118) and department of activity (OR=1.12;
95% CI: 0.73-1.73; p = 0.433) had an increased chance of
causing new-onset headaches but were not statistically sig-
nificant (see =Table 2).

Post hoc multivariable logistic regression analysis stated
that incidence of pre-existing headaches (OR = 1.88; 95% CI:
0.94-3.78; p = 0.75) and age (OR = 2.21; 95% CI: 0.47-10.33;

Table 1 Demographic characteristics of 241 healthcare
workers
Characteristics Healthcare
workers, n (%)
Gender Male 128 (53.1)
Female 113 (46.9)
Age 23-40 224 (92.9)
>40 17(7.1)
Ethnicity Punjabi 139 (57.7)
Non-Punjabi 102 (42.3)
Occupation Doctor 170 (70.5)
Dentist 53 (22)
Nurse 10 (4.7)
Other 8(3.3)
healthcare
workers
Department COovID-19 66 (27.4)
isolation ward
Dental clinic 52(21.6)
Emergency 38(15.8)
department
Medical clinic | 34 (14.1)
Others 51(21.2)
Duration of use of <4h 24 (10)
respiratory protection >ah 217 (90)
Duration of use of eye <4h 108 (44.8)
protection >ah 133(55.2)
Duration of use of <4h 76 (31.5)
respiratpry and eye ~ah 165 (68.5)
protection
Incidence of pre-existing headaches 51(21.1)

Abbreviation: COVID-19, coronavirus disease 2019.

p = 0.36) was independently associated with new-onset
PPE-induced headaches but was not statistically significant
(see =Table 3).

Out of the 68 participants with new-onset headaches, 16
(23.5%) stated that the headache started more than 2 hours
after donning PPE, while 19 (27.9%) participants stated that
the headache ended between 1-2 hours after doffing of PPE.
Fifty-three respondents (77.9%) experienced the headaches
for 4 or less days per month.

~Fig. 1 shows that 28 (41.2%) participants believed that it
was very likely that the combined use of respiratory and eye
protection was the cause of these de novo headaches, while
19 (27.9%) respondents attributed it to other factors. In a mul-
tiple response question, participants were asked about other
factors which, according to them, may be contributing to their
new-onset headaches. Forty-three participants (22.4%) out of
68 believed that sleep deprivation may be the cause of these
headaches, instead of PPE use (see =Fig. 2). A statistically sig-
nificant relationship was established between these factors
and department of work (p = 0.033), gender (p = 0.0017), and
occupation (0.017), when chi-squared analysis was done.
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PPE usage in respondents with and without de novo PPE-associated headaches)

Demographic variables With de novo PPE- Without de novo PPE- OR (95% ClI) p-Value?
related headaches, related headaches,
n =68 (%) n=173 (%)
Gender, male 28 (41.1) 100 (57.8) 0.51(0.29-0.90) | 0.020°
Age (y)
23-40 66 (97) 158 (91.3) 3.13(0.69-14.08) | 0.118
>40 2(2.9) 15(8.6)
Ethnicity
Punjabi 35(51.4) 104 (60.1) 0.70(0.40-1.24) | 0.222
Non-Punjabis 33 (48.5) 69 (39.9)
Occupation
Doctor and dentist 59 (86.7) 164 (94.7) 0.36(0.13-0.95) 0.033°
Others 9(13.2) 9(5.2)
Department
COVID-19 isolation ward 22 (32.4) 44 (25.4) 1.12(0.73-1.73) | 0.433
Emergency 12(17.6) 27 (15.6)
Others 34 (50) 102 (58.9)
Incidence of pre-existing headaches | 20 (29.4) 31(17.9) 1.91(0.99-0.37) | 0.049"
Duration of respiratory protection use per day
>4h 62 (91.1) 155 (89.6) 0.83(0.32-2.20) | 0.712
1-4h 6(8.8) 18(10.4)
Frequency of respiratory protection use per month
>15d 56 (82.3) 131 (75.7) 0.72(0.35-1.48) 0.369
3-154 12(17.6) 39(22.5)
Duration of eye protection use per day
>4h 42 (61.7) 91 (52.6) 0.69 (0.39-1.22) | 0.198
1-4h 26 (38.2) 82 (47.4)
Frequency of eye protection use per month
>15 47 (69.1) 110 (63.6) 0.91(0.50-1.67) | 0.762
3-154 21(30.9) 54 (31.2)
Frequency of use of combined eye and respiratory protection per month
>15 48 (70.6) 10 (63.6) 0.83 (0.45-1.54) | 0.560
3-15d 20 (29.4) 55 (31.8)
Frequency of use of combined eye and respiratory protection per day
>4 48 (70.6) 117 (67.6) 0.87(0.47-1.60) | 0.656
1-4h 20 (29.4) 56 (32.4)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; OR, odds ratio.

aStatistically significant results.
®Chi-squared analyses.
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Table 3 Multivariable logistic regression analysis of independent
factors and PPE-usage patterns associated with the development of
de novo PPE-associated headaches (n = 68)

Demographic 0Odds ratio (95% p-Value?
variables confidence interval)

Gender, male 0.65 (0.35-1.21) 0.176
Age (y) 2.21(0.47-10.33) 0.316
23-40

>40

Occupation: 0.45 (0.16-1.26) 0.129
Doctor and dentist

Others

Incidence of pre-existing | 1.88 (0.94-3.78) 0.075
headaches

Duration of eye protec- 0.69 (0.37-1.27) 0.236
tion use per day

>4

1-4h

*Multiple logistic regression.
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Fig. 1 Causes attributed to the increase in frequency of headaches.

Discussion

This study attempts to establish a relationship between
headaches and PPE usage in healthcare workers of Pakistan.
Nearly 30% of the respondents reported the incidence of
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Fig. 2 Other factors attributing to new onset headaches.

new-onset headache with the use of respiratory protection
such as KN95/N95 masks and eye protection. This study was
based on the previous studies conducted by Lim et al and Ong
et al.""16 Both studies found that pre-existing headaches and
excessive usage of respiratory and eye protection increase the
risk of headaches.!' However, in this study, only individuals
with a previous history of pre-existing headaches were found
to be more susceptible to de novo PPE-induced headaches.

Majority of the participants made use of abortive med-
ication (n = 58, 86.7%) with 17 (25%) taking medications
more than 10 days per month. Forty individuals (65.6%) took
paracetamol as an abortive medication, while nonsteroidal
anti-inflammatory drugs were the second most common
choice (n =19, 31.1%). These results corroborated with those
of Lim et al.’® However, 41 healthcare workers (60.3%) did not
require any sick leaves due to these headaches.

PPE usage has been the main mode of protection for
healthcare workers such as doctors and dentists as both are
repeatedly exposed to aerosol-generating procedures.'”2° The
use of surgical masks alone cannot provide enough protec-
tion for such procedures. Although surgical facemasks induce
less discomfort, breathing difficulty, and stress, wearing of
N95 masks becomes necessary when dealing with COVID-19
patients.?! In Pakistan, due to severe shortage of facilities,
N95/KN95 masks were used with or without concurrent
application of surgical masks. In his research article, Roberge
proposed that the life of an N95 respirator mask could be
prolonged by concurrently wearing a surgical mask, with the
latter being changed repeatedly. However, this combination
of respiratory protection may negatively impact the wearer
physiologically and psychologically, and may also impair
communication.?? In our study, 116 participants (46.1%) wore
surgical masks in combination with N95 masks.

Donning of PPE is a tedious and uncomfortable job, espe-
ciallyif worn for along period of time.?* Buildup of moist warm
air is linked with the use of respiratory mask and protective
eyewear, resulting in thermal discomfort.* Additionally,
the use of face shields and eye goggles reflects and refracts
the light making observation stressful thus leading to eye
fatigue.?>?¢ Several etiological factors may be linked to patho-
genesis of de novo PPE-associated headaches. The main
factors include stress, hypercapnia, hypoxemia, and mechan-
ical factors.”?? The International Classification of Headache
Disorders has already linked hypoxemia and hypercarbia

European Journal of Dentistry Vol. 14 No. S$1/2020 © 2020. European Journal of Dentistry.

S83



S84

Association of PPE with De Novo Headaches during COVID-19 pandemic Zaheer et al.

with headaches.”” Rebmann et al observed hypoxemia with
the use of N95 masks for more than 4 hours, along with rapid
respiratory rate and chest discomfort,?® while Or et al asso-
ciated the tight elastic head straps of N95 respirators with
headache, facial pain, and/or ear lobe discomfort.?® In this
study, majority of the participants associated sleep depriva-
tion as the main cause of these new-onset headaches, while
no previous studies correlated other etiological factors as the
causative agent other than PPE.

Another type of headache, which is caused by exacerba-
tion of head movements or sustained awkward head posi-
tions, called cervicogenic headache, is normally linked to
an underlying cervical pathology.?”*® Use of close fitting
N95 mask, protective eyewear, goggles, and helmets can
cause headaches due to sustained pressure from the strap on
the neck or over the back of the head, thus compressing the
superficial nerves underneath, mainly the occipital nerve,
which has been identified as one of the causes of unremitting
head and neck pain.?! This has been supported in this study
as majority of the healthcare workers with de novo head-
aches also complained of neck discomfort (n = 22, 33.8%).
Furthermore, out of 51 individuals who had pre-existing
headaches, 20 also experienced new-onset headaches since
the start of the pandemic.

One of the major contributors of headache is
stress,* which leads to tension-type headache. Since the
start of the pandemic, most of the healthcare workers have
reported an increase in the intensity of their pre-existing
headaches, lack of sleep, emotional, and physical stress.
This can also be associated with the increase in frequency of
headaches since March 2020.3*34 These types of headaches
were also observed during the SARS outbreak in 2003.%
Another study conducted among the medical intensive care
unit nurses wearing respirators showed headache as one of
the etiological factors for decreased compliance of N95 face-
mask use.?* Other reasons may be increased duty hours,
inadequate food and water intake, separation from families,
and excessive exertion.”’ In this study, 211 healthcare work-
ers (87.9%) were working greater than 10 hours per week,
of which 63 (26.2%) were working in COVID-19 isolation
wards. Lim et al'® reported facemask-associated headaches
in 37.3% of the respondents, while Ong et al'' stated that
81% of the participants had PPE-associated headaches with
N95 facemask with or without the protective eyewear use.
However, the authors believe that the decreased incidence
of headaches (28.2%) in this study, may be due to the major-
ity of healthcare workers having become acclimatised to the
poor working conditions in the country.

It is acknowledged that there are several limitations to
this study. Due to shortage of N95 supplies among hospitals,
KN95 mask use was also included in this study as part of PPE.
Recall bias was limited as the questionnaire was filled by par-
ticipants during the peak of COVID-19 pandemic in Pakistan.

Conclusion

Healthcare workers with previous history of pre-existing
headaches were found to be more susceptible to PPE-induced

headaches during COVID-19 pandemic. However, age and
department of activity may also be risk factors. Proper
guidelines need to be set up to prevent prolonged use of PPE
to alleviate the problems being faced by healthcare workers
during this pandemic.
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