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Abstract
Background SARS-CoV-2 is a novel infectious agent causing coronavirus disease 2019, which has been declared as pandemic in
March 2020. Personal protective equipment has been mandatory for healthcare workers in order to contain the outbreak of
pandemic disease. Mild neurological disturbances such as headache have been related to the extensive utilization of facemask.
This study aims to examine headache variations related to the intensive utilization of facemask among a cohort of healthcare
professionals in a setting of low-medium risk of exposure to SARS-CoV-2.
Methods This is a cross-sectional study among healthcare providers from different hospital and clinics in Italy. Each participant
completed a specifically designed self-administered questionnaire. Headache features and outcome measures’ change from
baseline were evaluated over a 4-month period, in which wearing facemask has becomemandatory for Italian healthcare workers.
Results A total of 400 healthcare providers completed the questionnaire, 383 of them met the inclusion criteria. The majority
were doctors, with a mean age of 33.4 ± 9.2 years old. Among 166/383 subjects, who were headache free at baseline, 44 (26.5%)
developed de novo headache. Furthermore, 217/383 reported a previous diagnosis of primary headache disorder: 137 were
affected by migraine and 80 had tension-type headache. A proportion (31.3%) of these primary headache sufferers experienced
worsening of their pre-existing headache disorder, mainly for migraine frequency and attack mean duration.
Conclusions Our data showed the appearance of de novo associated facemask headache in previous headache-free subjects and
an exacerbation of pre-existing primary headache disorders, mostly experienced by people with migraine disease.
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Introduction

Coronavirus disease 2019 (COVID-19) is an acute infection of
the respiratory tract emerged in late 2019 from the city ofWuhan
in China and rapidly spread to other countries worldwide [1]. On
March 11, World Health Organization (WHO) declared
COVID-19 outbreak a global pandemic [1–3]. To date, there

are nearly 87.4 million confirmed COVID-19-affected patients
worldwide. The first imported cases in Italy were on 23 January
2020 in a couple of Chinese tourists [4], and it is now reaching
the number of 2.2 million, with around 77,000 deaths [5]. On
March 8, 2020, the Italian Government implemented extraordi-
narymeasures to limit viral transmission, such as city lockdowns
and movement restriction, initially in the region of Lombardy,
then extended to the entire nation (phase I) [6]. On May 16,
2020, the Italian Government declared the suspension of the
extraordinary measures, but people are suggested to keep social
distancing and wear facemask (phase II) [7]. SARS-CoV-2, like
other coronaviruses, spread by respiratory droplets; therefore,
personal protective equipment (PPE) has become mandatory
for healthcare workers while attending to patients, in order to
contain the outbreak of pandemic disease [8]. In particular, both
surgical and close-fittingN95 facemasks create a barrier between
individuals limiting the aerosol spread of viruses [8]. Thus, in
clinical practice, masking has become a standard among
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frontline healthcare personnel against COVID-19 [9]. Wearing
PPE for a long period led to physical distress [10] and could
induce subjective negative symptoms, such as dizziness, per-
ceived shortness of air, and headache [11]. During the 2003
SARS epidemic, researchers highlighted the association between
complaints of new-onset headache and use of N95 facemask in
healthcare providers working in high-risk areas [12]. A recent
study described the developing of PPE-associated headache in
frontline medical and paramedical staff during COVID-19 pan-
demic, especially in emergency department professionals who
combined daily use of N95 facemask and protective eyewear
[13]. Moreover, a symptoms’worsening of pre-existing primary
headaches due to continuative masking has been also described
[13]. Authors showed that PPE-associated headache fulfilled the
International Classification of Headache Disorders (ICHD-3)
criteria for external-compression headache (ECH), defined as
“headache starting within one hour from compression of pericra-
nial soft tissues and resolving within one hour after external
compression is relieved” [14]. The aim of our study was to
evaluate the impact of facemask wearing on headache in two
different categories of healthcare workers: subjects with and
without pre-existing diagnosis of primary headache disorder.

Methods

This cross-sectional study has been conducted during Italian
phase II. We enrolled different healthcare professionals in-
cluding doctors, nurses, healthcare assistants, and other para-
medical staff such as technicians, physiotherapists, and psy-
chologists, from numerous Italian hospitals and clinics.
Written informed consent was obtained from each participant
and the study was approved by the local institutional review
board. Each enrolled subject completed a specifically de-
signed self-administered questionnaire written in Italian lan-
guage. Participants were directly invited to complete the ques-
tionnaire form throughout their personal web-email. The ques-
tionnaire consisted in 5 query sections: I—demographics
(gender, age, occupation), comorbidities, and type of work
during the COVID-19 Italian phase II: active or smart work-
ing; II—phenotype, associated features, outcome measures,
related disability of any primary headache disorder diagnosed
before COVID-19 outbreak; III—phenotype, associated fea-
tures, outcome measures, related disability of any headache
disorder experienced after mandatory healthcare workers face-
masking during phase II; IV—participants’ personal impres-
sion about the impact of face-masking on headache disorder;
V—facemask use information (number of weekly work hours,
number of daily hours wearing facemask, type of facemask
used, type of facemask elastic head straps: occipital or pre-
auricular). We excluded subjects who keep performing smart
working after lockdown period; only active workers have
been included in the study. Afterwards, we excluded

participants with comorbidities likely to be cause of secondary
headaches. We evaluated headache profile and outcome mea-
sures over a 30-day period before the beginning of lockdown
period (baseline, T0) and during the first 4 months of Italian
phase II (T1: average of four months). To assess headache
profile change from T0 to T1, different patient-reported out-
comemeasures have been used. The outcomemeasures (head-
ache days (HD), migraine days (MD), migraine-like day
(MLD), average headache severity (AHS)) were retrospec-
tively collected, through the questionnaire, in line with the
Initiative on Methods, Measurement, and Pain Assessment
in Clinical Trials (IMMPACT) [16]. Localization (unilateral
or bilateral), pain quality (throbbing, pressing or tightening
and stabbing), headache duration (hours), and AHS through
numerical rating scale (NRS—0 (no head pain) to 10 (most
severe head pain ever experienced)) were recorded. A head-
ache day (HD) was considered a day with headache lasting for
≥ 4 h and with a severity of ≥ 4/10 on NRS. A de novo
headache was recorded whether at least one HD was reported
at T1. A migraine day (MD) was defined according to the IHS
migraine classification criteria [15]. Associated symptoms
such as phonophobia/photophobia and nausea/vomit have al-
so been recorded. A migraine-like day (MLD) was defined as
a day in which the subject reported headache with associated
symptoms which did not fulfill IHS criteria for MD.
Headache-related disability change between T0 and T1 was
collected using headache impact test (HIT-6) [17]. The 12-
item allodynia symptom checklist (ASC-12) has been used
to score allodynia at T0 and T1; moreover, a supplementary
item has been added to the aforementioned scale to assess the
impact of elastic head straps on allodynia at T1. A subject was
considered allodynic if ASC-12 score was greater than 2 [18].
We also investigated abortive treatment consumption, includ-
ing non-steroidal anti-inflammatory drugs (NSAIDS; episodic
consumption (1–9/month); frequent consumption (10–14/
month); abuse (≥ 15/month)), triptans (episodic consumption
(1–9/month); abuse (≥ 10/month)), and other pain killer drugs
(episodic consumption (1–9/month); frequent consumption
(10–14/month); abuse (≥ 15/month)) used for attempted head-
ache relief. Pre-existing preventive treatments used for prima-
ry headache disorders and any preventive treatment switch
have been also recorded. Participants’ subjective impression
about the impact of facemask on headache disorder was eval-
uated through adaptation of Patient’s Global Impression of
Change (PGIC) scale: a score of 0 means “no change” and a
score of 10 means “dramatic worsening” [20].

Statistical analysis

Data were collected in a database created ad hoc. Differences in
sex distribution and binary variables have been assessed by
means of the Fisher’s exact test. The variables were tested for
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normal distribution with the Shapiro–Wilk test. Quantitative var-
iables were expressed as mean and standard deviation, and cat-
egorical variables as frequencies and percentages. Comparison
between groups for age, HD, MD, MLD, headache attack dura-
tion, AHS, allodynia, ASC-12, HIT-6, pain killers, preventive
treatments, discomfort for elastic head straps, and personal per-
ception of facemask impact on headache was performed with
ANOVA followed by pairwise Wilcoxon rank sum test. The
statistical significance was set at p ≤ 0.05. All p values were
corrected according to Bonferroni. A multivariate (multiple) lin-
ear regression analysis was performed to identify the indepen-
dent variables associated with the development of de novo
facemask headache and/or the worsening of pre-existent primary
headache disorders. More to the point, the presence of associa-
tion between the variables related to the facemask use (hours
wearing facemask, type of facemask, type of elastic head straps,
facemask impact evaluated trough PGIC adapted scale) and the
headache outcome measures’ change from T0 to T1 (HD, MD,
MLD, AHS, HIT-6, ASC-12, abortive treatment consumption)
has been assessed. Statistical analysis was performed with R
Statistical software (R for Unix/Linux, version 3.1.1, the R
Foundation for Statistical Computing, Vienna, Austria).

Results

Demographic features

We received 400 out of 1000 email forwarded questionnaires
completed by healthcare providers from different areas in Italy
(see Fig. 1). Seventeen participants have been excluded as
they still performing smart working or suffering with comor-
bidities likely to be cause of secondary headaches.
Demographic characteristics of subjects are summarized in
Table 1. Among 383 active workers (M/F 134/249), the vast
majority were doctors followed by nurses and technicians.
Most of participants had a full-time job (20–38 h per week
or more). No respondents reported job changes and/or in-
crease in working hours from T0 to T1. Moreover, they de-
clared wearing facemask for an average from 6 to 10 h a day.
The surgical facemask with pre-auricular elastic head straps
was the most common type of facemask used (see Table 1). At
baseline, 217/383 subjects were affected by a primary head-
ache disorder (headache group (HG)) and 166/383 were head-
ache free (non-headache group (NHG)), suggesting that those
with pre-existing headaches were more likely to complete the
questionnaire. There were no differences between groups for
age (p = 0.428), but they differ for sex: subjects of HG group
were mainly women (p ≤ 0.001). The groups were not differ-
ent for mean weekly work hours and mean daily hours wear-
ing facemask (see Table 1). To notice that 74/383 participants
(19.3%) declared that they wear facemask for less than 6 h a
day, hence less than a usual 6-h work shift.

Non-headache group

Among 166 healthcare providers of NHG, a subgroup of 44
subjects (26.5 %) developed de novo headache disorder
(NHG-DN) at T1, whereas the remaining 122 individuals ex-
perienced no T0 to T1 change in all outcome variables evalu-
ated. In the majority of cases, de novo headache has been
described as pressing or tightening pain with bilateral locali-
zation and moderate intensity (NRS: 5.8 ± 1.5). In addition, a
proportion of NHG-DN subjects (19/44; 43%) complained
mild associated symptoms such as phonophobia or photopho-
bia, nausea, and vomit, and 26/44 (59%) NHG-DN subjects
reported a discomfort for elastic head straps. Moreover, we
found out that 17/44 (39%) of them were allodynic. De novo
headache was attributed by 36 out of 46 (78.2 %) respondents
as “likely” due to facemask (PGIC scale adaptation, mean ±
SD = 6.5 ± 2.7). All the variables are reported in Table 2.

Headache group

Among HG, 137 subjects had a previous diagnosis of mi-
graine (MHG), while 80 reported tension-type headache
(TTHG). Clinical features of both these groups are summa-
rized in Table 2. The majority of subjects of both groups
complained an episodic headache at baseline (MHG: 78.1%
and TTHG: 93.7%). In MHG, 51/137 (37.2%) described a
worsening of headache frequency and 30/137 (21.9%) expe-
rienced longer lasting headache. HD, AHS, and disability
(HIT-6) score significantly increased at T1. Other parameters
such as MD, ASC-12, number of allodynic subjects, pain
killers, and preventive treatment use were not substantially
modified from T0 to T1, except for triptans’ intake which
significantly increased at T1 (p = 0.003). Differently, in
TTHG, 17/80 (21.3%) experienced a worsening of headache
frequency. HD, MLD, and HIT-6 resulted significantly
changed from T0 to T1. Other outcome measures did not
display substantial modification.

Comparison among MHG, TTHG, and NHG-DN groups

Comparison among groups (MHG, TTHG, and NHG-DN) at
T1 showed that the three groups were significantly different
for all outcome measures except for preventive treatment and
other pain killer drug consumption (p = 0.117 and p = 0.072).
Pairwise comparisons revealed that headache profile was sim-
ilar between TTHG and NHG-DN. Thus, there were no sig-
nificant differences for headache frequency (see Fig. 2), HD,
mean attack duration, MLD, AHS, ASC-12, HIT-6, and
triptans’ intake between TTHG and NHG-DN, whereas the
number of allodynic subjects (p = 0.039; see Fig. 3), discom-
fort for elastic head straps (p = 0.001), and NSAIDS consump-
tion (p = 0.003) were significantly different between TTHG
and NHG-DN. Overall NHG-DN andMHG perceived a more

Neurol Sci (2021) 42:1267–1276 1269



marked negative impact on headache disorder compared to
TTHG (p = 0.005).

Multivariate linear regression analysis

A multivariate (multiple) linear regression was performed to
analyze whether the four facemask-related independent vari-
ables in the study (hours wearing facemask, type of facemask,
type of elastic head straps, facemask impact evaluated trough
PGIC adapted scale) were significantly predictive of the T0 to
T1 worsening of all headache outcome measures evaluated in

both HG and NHG-DN groups. Despite the model not showing
results strong enough to establish a direct cause-and-effect re-
lationship between the facemask use and the measured out-
comes score, we found significant relationships between the
PGIC score and all the outcome scores in both HG and
NHG-DN groups. In particular, facemask impact evaluated
trough PGIC adapted scale shows a relation with HD (coeff
0.63, ± 0.09, p < 0.001 in HG and coeff 0.46, ± 0.03, p < 0.001
in NHG-DN), MD (coeff 0.46, ± 0.08, p < 0.001 in HG and
coeff 0.15, ± 0.02, p < 0.001 in NHG-DN), NRS (coeff 0.43, ±
0.04, p < 0.001 in HG and coeff 0.68, ± 0.04, p < 0.001 in

Fig. 1 Flowchart of the assessment of 400 participants. HG, headache
group; MHG, migraine-headache group; NHG, non-headache group;
NHG-DN, non-headache group–de novo headache sufferers; TTHG,

tension-type headache group. Headache frequency: (1) episodic: HD 1–
4/month; (2) high frequency: HD 5–14/month; (3) chronic: HD ≥ 15/
month
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NHG-DN), HIT-6 (coeff 1.69, ± 0.19, p < 0.001 in HG and
coeff 2.91, ± 0.14, p < 0.001 in NHG-DN), and ASC-12 (coeff
0.32, ± 0.08, p < 0.001 in HG and coeff 0.32, ± 0.03, p < 0.001
in NHG-DN). None of the other variables related to the
facemask use (hours wearing facemask, type of facemask, type
of elastic head straps) was found to predispose to headache
outcome measures’ change from T0 to T1 in each group (p >
0.05).

Discussion

This study aimed to investigate facemask-associated head-
ache, an important and often undervalued neurological condi-
tion which has been related to extensive utilization of
facemask during the pandemic. Particularly, our analysis
was addressed to a cohort of 383 Italian healthcare profes-
sionals, in order to examine this phenomenon in a context
characterized by an intensive utilization of surgical or N95
masks during Italian phase II, when the number of COVID-

19-affected subjects dramatically fell but healthcare workers
kept wearing facemasks.

Our study showed the appearance of de novo headache in a
percentage of subjects (26.5%, NHG-DN) that were headache
free at baseline. De novo headache was mainly described with
tension-type features (pressing or tightening quality, bilateral
localization, moderate intensity of pain and mild associated
symptoms like phonophobia and/or photophobia, nausea,
and/or vomit). Moreover, a proportion of de novo headache
sufferers reported an abnormal scalp sensitivity or discomfort
during headache attacks elicited by non-noxious stimuli
(allodynia), including the elastic head straps. PPE-associated
headaches were first studied by Lim et al., during southeast
Asiatic SARS epidemic in the early 2000s [12]. Stress, me-
chanical factors, hypoxemia, and hypercapnia have been con-
sidered mechanisms involved in the pathogenesis of facemask-
associated headache [11, 19, 20]. A recent study tried to clarify
the correlation between increased PPE exposure of frontline
healthcare workers during COVID-19 pandemic and develop-
ment of de novo headaches [13]. This study described de novo
PPE-associated headache as a subtype of external-pressure

Table 1 Demographic features of
383 participants Total (383) NHG (166) HG (217) p value

Gender M/F 134/249 87/79 47/170 < 0.001

Age, years 33.4 ± 9.2 34.8 ± 10.9 32.2 ± 7.6 0.428

Healthcare professionals

Doctors 299 (78.1%) 122 (73.5%) 177 (81.6%) N/A
Nurses 42 (11.0%) 24 (14.5%) 18 (8.3%)

Healthcare assistants 12 (3.1%) 10 (6.0%) 2 (0.9%)

Technicians 23 (6.0%) 7 (4.2%) 16 (7.4%)

Other paramedical staff 7 (1.8%) 3 (1.8%) 4 (1.8%)

Weekly work hours

< 20 h weekly 9 (2.3%) 1 (0.6%) 8 (3.7%) 0.653
20–38 h weekly 157 (41.0%) 70 (41.9%) 87 (40.1%)

> 38 h weekly 217 (56.7%) 95 (57.5%) 122 (56.2%)

Daily hours with facemask

0–2 h a day 5 (1.3%) 2 (1.2%) 3 (1.4%) 0.566
2–4 h a day 19 (5.0%) 12 (7.2%) 7 (3.2%)

4–6 h a day 50 (13.0%) 22 (13.3%) 28 (12.9%)

6–8 h a day 124 (32.4%) 50 (30.1%) 74 (34.1%)

8–10 h a day 95 (24.8%) 41 (24.7%) 54 (24.9%)

10–12 h a day 68 (17.8%) 32 (19.3%) 36 (16.6%)

> 12 h a day 22 (5.7%) 7 (4.2%) 15 (6.9%)

Type of facemask

Surgical facemask 284 (74.2%) 123 (74.1%) 161 (74.2%) 0.544
N95 facemask 96 (25%) 42 (25.3%) 54 (24.9%)

Other type of facemask 3 (0.8%) 1 (0.6%) 2 (0.9%)

Type of elastic head straps

Occipital 41 (10.7%) 27 (16.3%) 14 (6.5%) 0.007
Pre-auricular 342 (89.3%) 139 (83.7%) 203 (93.5%)

F female, M male, MHG migraine headache group, N/A not applicable, NHG non-headache group
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headache, known as external-compression headache (4.6.1 –
ICHD-3) [14]. The authors demonstrated that the time interval
between donning the N95 facemask (104/128 subjects
(81.3%)) and protective eyewear (113/128 subjects (88.0%))
to headache commencement was < 60 min; moreover, a similar
time interval of < 60 min was reported by 95.3% and 97.7% of
questionnaire respondents for spontaneous headache resolution
after removing the N95 facemask and protective eyewear
respectively.

It is known that mechanic forces exerted by individual PPE
on cranial surface may lead both to local tissue damage and
irritation on the superficial sensory nerves innervating cranial
and cervical region [21]. Particularly, healthcare professionals
undergo an important and prolonged cervical or pre-auricular
stress related to elastic straps, which may explain the tension-
type headache developed by the majority of subjects involved
in our study [22–24]. Nociceptive input from both great oc-
cipital nerve and trigeminal territories converge to the second-

Table 2 Clinical features of pre-existing primary headache groups’ (MHG and TTHG) subjects at T0–T1, and non-headache group–de novo (NHG-
DN) subjects at T1

MHG (137) TTHG (80) NHG-DN (44) §p value

T0 T1 p value T0 T1 p value T1

Headache days 3.5 ± 2.4 5.5 ± 4.5 < 0.001 2.3 ± 1.9 3.3 ± 3.4 0.167 3.5 ± 2.6 < 0.001

Headache frequency

Episodic (1–4 days/month) 107 (78.1%) 56 (40.9%) < 0.001 75 (93.7%) 61 (76.2%) 0.036 34 (77.3%) 0.001
High frequency (5–14 days/month) 30 (21.9%) 73 (53.3%) 4 (5.0%) 17 (21.2%) 10 (22.7%)

Chronic (≥ 15 days/month) 0 8 (5.8%) 1 (1.3%) 2 (2.5%) 0

Migraine days 2.5 ± 1.8 3.9 ± 3.9 0.650 0 0 N/A 0 < 0.001

Migraine-like days N/A N/A N/A 0 0.6 ± 2.6 < 0.001 1.0 ± 1.5 < 0.001

Attack mean duration

<12 h 89 (64.9%) 65 (47.4%) 0.002 60 (75.0%) 56 (70.0%) 0.287 35 (79.5%) 0.003
12–24 h 37 (27.0%) 52 (38.0%) 13 (16.2%) 17 (21.2%) 8 (18.2%)

24–48 h 6 (4.4%) 11 (8.0%) 6 (7.5%) 5 (6.2%) 1 (2.3%)

48–72 h 5 (3.6%) 6 (4.4%) 1 (1.3%) 1 (1.3%) 0

> 72 h 0 3 (2.2%) 0 1 (1.3%) 0

Average headache severity 6.0 ± 1.8 6.6 ± 1.7 0.021 5.2 ± 1.8 4.9 ± 2.3 0.717 5.8 ± 1.5 < 0.001

Allodynia (n. subjects) 58 (32.7%) 70 (40.1%) 0.182 13 (16.2%) 17 (21.2%) 0.543 17 (38.6%) < 0.001

ASC-12 3.0 ± 3.7 2.8 ± 3.8 0.171 1.0 ± 1.9 1.3 ± 2.5 0.810 2.1 ± 2.1 < 0.001

Discomfort for elastic head straps N/A 64 (46.7%) N/A N/A 22 (27.5%) N/A 26 (59.1%) < 0.001

HIT-6 59.1 ± 8.6 62.2 ± 8.4 0.004 51.7 ± 8.0 54.9 ± 10.0 0.010 58.5 ± 8.9 < 0.001

Pain killer use

NSAIDS

0 per month 19 (13.9) 16 (11.7%) 0.053 12 (15%) 20 (25%) 0.955 19 (43.4%) < 0.001
1–9 per month 115 (83.9%) 109 (79.6%) 68 (85.0%) 56 (70.0%) 24 (54.5%)

10–14 per month 3 (2.2%) 11 (8.0%) 0 3 (3.7%) 1 (2.3%)

≥ 15 per month 0 1 (0.7%) 0 1 (1.2%) 0

Triptans

0 per month 130 (94.9%) 115 (83.9%) 79 (98.7%) 79 (98.7%) 43 (87.7%)

1–9 per month 5 (3.6%) 12 (8.8%) 0.003 1 (1.3%) 1 (1.3%) 0.663 1 (2.3%) 0.006

≥ 10 per month 2 (1.5%) 10 (7.3%) 0 0 0

Other

0 per month 125 (91.2%) 120 (87.6%) 0.225 77 (96.2%) 76 (95%) 0.387 39 (88.6%) 0.072
1–9 per month 10 (7.3%) 8 (5.8%) 3 (3.8%) 4 (5.0%) 5 (11.4%)

10–14 per month 0 2 (1.5%) 0 0 0

≥ 15 per month 2 (1.5%) 7 (5.1%) 0 0 0

Preventive treatment 9 (6.6%) 11 (8.0%) 0.817 0 2 (3.8%) 0.229 1 (2.3%) 0.117

Impact of facemask on headache N/A 5.1 ± 3.1 N/A N/A 3.8 ± 3.2 N/A 6.5 ± 2.7 0.005

§ p value: MHG vs TTHG vsNHG-DN at T1. ASC-12, 12-item allodynia symptom checklist;MHGmigraine headache group,N/A not applicable,NHG-
DN non-headache group–de novo, NSAIDS non-steroidal anti-inflammatory drugs, TTHG tension-type headache group
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Fig. 2 Headache frequency among three groups from T0 to T1. Among
non-headache group (NHG) including headache-free subjects at T0, 44
subjects developed de novo headache at T1: the vast majority developed
episodic headache (1–4 days/month). Subjects belonging to migraine-

headache group (MHG) and tension-type headache group (TTHG) had
mainly episodic headache at T0, and a considerable number of subjects
developed a high frequency headache at T1.Moreover, a small number of
subjects developed a chronic headache, mainly in MHG

Fig. 3 Allodynia among MHG,
TTHG, and NHG-DN from T0 to
T1. Number of allodynic subjects
significantly increased only in
non-headache group de novo
(NHG-DN) from T0 to T1,
whereas there was no statistically
significant modification for
migraine-headache group (MHG)
and tension-type headache group
(TTHG) (a). The boxplot re-
vealed that severity of allodynia
expressed through ASC-12 score
was greater for MHG and NHG-
DN rather than TTHG at T1 (b)
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order neurons in the brainstem. Moreover, afferent trigeminal
nerves terminate in C2 spinal segments together with greater
occipital nerve afferents [25]. The prolonged mechanical
stress on both cervical and pre-auricular regions may cause
peripheral sensitization and consequently the activation of
trigeminocervical complex, thus stimulating cortical areas
triggering headache attacks [26, 27]. Furthermore, peripheral
sensitization is crucial to induce and maintain central sensiti-
zation process, which determines temporal, spatial, and
threshold changes in pain sensibility, generating pain hyper-
sensitivity and allodinya [28–30].

A previous study has already reported an exacerbation of
pre-existing primary headache disorder in a small proportion of
subjects, after intense use of PPE during COVID-19 pandemic
[13]. Although our study confirms literature data, considering a
larger cohort of subjects enrolled, it allowed us to better de-
scribe this phenomenon. Our data also revealed headache wors-
ening in subjects with a pre-existing primary headache disor-
der, both in frequency and mean attack duration, without a
substantial modification of headache profile (i.e., pain quality
and localization). Particularly participants with a previous di-
agnosis of tension-type headache (TTHG group) had a signif-
icant increase of headache frequency: although the majority
continued complaining infrequent episodic headache (HD: 1–
4 days/month), a remarkable percentage of them (16%) turned
to frequent episodic headache (HD: 5–14 days/month—see
Fig. 2). In addition, a proportion of tension-type headache sub-
jects reported the appearance/worsening of mild neurological-
associated symptoms. To notice that TTHG subjects did not
experience allodynia.

We hypothesize that, similarly to NHG-DN, facemask
wearing might represent a stress factor and mechanical trigger
which could induce a worsening of tension-type headache in
TTHG group. Several reversible and irreversible risk factors
have been reported being responsible for headache
chronification [30]. We speculate that sustained mechanical
stimulus exerted by elastic straps may cause biochemical al-
terations which induce a decrease of pain threshold and in-
creased tenderness in these subjects which predispose to head-
ache chronification [31]. Moreover, TTHG participants re-
ported the appearance/worsening of associated symptoms like
nausea while wearing facemask. Nausea is commonly report-
ed by migraine sufferers and is associated with impaired func-
tioning and decrease of quality of life. There is some evidence
that frequent headache-related nausea may predict chronic
headache [32]. Therefore, it is reasonable that associated
symptoms may contribute to headache chronification and
worsening of headache-related disability.

On the other hand, MHG headache profile was quite
different from the other groups, and scored the worst
outcome after facemask exposure. Indeed, MHG pre-
sented a remarkable worsening of headache frequency
mainly for HD, while MD resulted non-significantly

changed. Moreover, attack mean duration, AHS, and
allodynia significantly worsened at T1. These findings
reflect different biology of migraine which could be
considered a disorder of brain sensory processing [27].
Thus, facemask could exert a sustained mechanical
stimulus triggering headache attacks. Furthermore, it
might determine changes in central nervous system
through alterations in nociceptive thresholds and alter-
ations in pain pathways producing peripheral and central
s ens i t i z a t i on . Once sens i t i z a t i on es t ab l i shed ,
trigeminovascular neuron activation becomes stimulus-
independent and maintains itself in the absence of sen-
sory input later on [33]. Central sensitization is crucial
for migraine progression [34]. Cutaneous allodynia
could be considered the hallmark of central sensitiza-
tion, and it has already been reported as an independent
predictor of migraine chronification. According to liter-
ature data and in line with our results, cutaneous
allodynia is associated with higher frequency of mi-
graine and longer migraine duration [35].

The strengths of this study could be considered sample
size, use of validated scales and measures to assess partici-
pants’ clinical outcomes, and high level of participants’ edu-
cation ensuring accuracy and reliability of information record-
ed through the questionnaire. We also acknowledge several
limitations in our work. As first limitation, participants were
not asked if their headache started within 1 h after wearing
facemask or if they experienced headache relief within 1 h
after unmasking, making difficult the hypothetical diagnosis
of both external-compression (4.6.1) and external-traction
(4.6.2) headache according to the ICHD-3 criteria [14]. Our
self-administered questionnaire only included two close-
ended questions on headache attacks’ duration and number
of daily hours wearing facemask. The majority (79.5%) of
NHG-DN respondents experienced a mean duration of the
headache attacks < 12 h; the remaining 20.5% reported a
longer duration, regardless of facemask donning time
(Table 1). Moreover, a multivariate (multiple) linear regres-
sion analysis did not reveal a significative relationship be-
tween the variable “hours wearing facemask” and the outcome
measure “headache attack mean duration.”

As previously mentioned, de novo PPE-associated exter-
nal-compression headache and exacerbation of pre-existing
headache disorders have been already described as linked to
the use of close-fitting N95 facemask alone or in combination
with protective eyewear [13]. Because the present study was
performed during the Italian phase II, the majority (74.2%) of
healthcare workers reported using as PPE only the surgical
facemask, a loose-fitting disposable exerting less pressure
against head and less likely to cause external-compression or
external traction headache. The majority of subjects develop-
ing de novo headache (38/44 of NHG-DN group) declared
wearing the surgical facemask.

Neurol Sci (2021) 42:1267–12761274



This study was performed among healthcare providers
based predominantly in low-risk areas, making the study sam-
ple maybe not inclusive of frontline healthcare providers in
high-risk areas. Participants did not fill headache diary: clinical
data such as headache frequency, pain severity, associated
symptoms, and pain killers’ intake have been retrospectively
collected using a self-administered questionnaire. Factors other
than facemask type and elastic head straps, such as psycholog-
ical stress, sleep disturbances, and change in lifestyle (i.e., de-
hydration and skipping meals), were not included in the study.
Hence, we recognize that different factors might have triggered
headache, mainly in frontline healthcare providers working in
high-risk areas and suffering with a pre-existing primary head-
ache disorder. However, our questionnaire was administered
during phase II, when the number of COVID-19 cases and,
consequently, the pressure on the national healthcare system
were remarkably reduced; therefore, we speculate a minor im-
pact of the aforementioned factors.

Conclusion

This study aims to clarify the link between extensive facemask
wearing and headache variations among Italian healthcare pro-
viders, in a setting of low-medium risk of exposure to SARS-
CoV-2.Assuming that facemasks’wearing by healthcareworkers
remains a milestone of protection against spreading of a life-
threatening disease asCOVID-19, our data showed de novo head-
ache appearance in a proportion of subjects which was headache
free at baseline, and an exacerbation of a pre-existing primary
headache disorder, particularly for migraineur subjects.
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