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Abstract

Aims The objective of the present study was to evaluate sleep features and sleep-modifying factors in patients with chronic
migraine (CM) during the first Italian COVID-19 lockdown.

Material and methods The study was based on an e-mail survey addressed to CM patients of our headache center. The sur-
vey investigated demographic, life-style, sleep, psychological, and migraine features during the first COVID-19 lockdown
period and the month before. The outcomes were sleep quality (measured using PSQI) and variation in sleep quality, dura-
tion, and latency.

Results Ninety-two patients were included. The mean PSQI was 11.96. Sleep quality was improved in 14.1%, stable in 47.8%,
and worsened in 38.0%. Sleep latency was reduced in 5.4%, stable in 46.7%, and increased in 47.8%. Sleep duration was
reduced in 29.3%, stable in 34.8%, and increased in 35.9%. Significant associations were found with age, work/study, remote
working, job loss, meal quality change, smoking variation, COVID-19 province prevalence, home-inhabitant relationship,
ratio of house size/number of people, stress, state anxiety, anxiety/depression variation, future concern variation, computer
hours, internet hours, and television hours.

Conclusion The study described sleep features of chronic migraineurs during COVID-19 lockdown, pinpointing the main
factors involved in sleep quality and sleep changes. Our findings revealed that migraineurs’ sleep was closely linked with
life-style and psychological features. Several modifiable factors came to light and they should be considered in order to
develop an optimal management of CM. An appropriate and more aware treatment of sleep problems could be a way to
improve migraineurs’ life.
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Introduction

Migraine and sleep are closely associated and their rela-
tionship is highlighted by a large body of literature [1-3].
A sleep disturbance can precede and predict new onset
migraine several years ahead, patients frequently report
Department of Clinical and Experimental Medicine, insomnia in the night before an early morning migraine
g;lizzrls\i[t;’s:ifnl;dii:}na’ Via Consolare Valeria 1, attack, and sleep disorders are associated with more severe

Ay migraine and headache chronification [1, 2, 4, 5]. Chronic
migraineurs, especially, have a higher risk of sleep disor-
ders and are more influenced by these [2]. The association
between migraine and sleep was further highlighted by sev-
eral studies during the COVID-19 lockdown. Lockdown
measures determined important migraine changes that were
attributed to different factors, in particular sleep problems
and sleep changes during this period [6—11]. Studying sleep
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in migraineurs constituted a way in order to better under-
stand migraine and how to relieve it. Although several
papers reported the relationship between migraine and sleep
in the COVID-19 lockdown, no study has investigated which
factors determined sleep quality and sleep modification in
migraineurs during this period. The aim of this study is to
bridge this gap, analyzing sleep and sleep-modifying factors
in chronic migraineurs.

Methods

The present work is based on data obtained for a previous
study on chronic migraine during the COVID-19 lockdown.
The data were collected using an e-mail survey addressed
to patients suffering from chronic migraine followed at our
headache center. More detailed information is available in
the previous paper [10]. The questionnaire is available on
supplementary materials (S1, S2). The present study investi-
gated sleep quality and sleep changes in chronic migraineurs
during the previous month and the Italian COVID-19 lock-
down period which went from March 9th, 2020 to May 3rd,
2020. The survey started on April 24th, 2020 and closed on
May 3rd, 2020.

Inclusion criteria
Patients were selected according to the following criteria:

— chronic migraine diagnosis based on International Clas-
sification of Headache Disorders, third edition criteria
(12]

— age>18 years

— written informed consent to participate to the study

Data included in the study

Information on demographic features, life-style, sleep,
migraine, and psychological status was extracted from our
survey.

The demographic and life-style variables included
age, gender, educational qualifications, number of sons/
daughters, age of sons/daughters, COVID-19 prevalence
in patients’ province, size of the house, rent or mortgage
to pay, number of people in house, ratio of house size/
number of people, living with parents, quality of home-
inhabitant relationship, unemployment, work/study stop,
remote working (RW), job loss during the COVID-19 pan-
demic, hours of computer use, changes in duration of com-
puter use, hours of smartphone use, changes in duration of
smartphone use, hours of Internet use, changes in duration
of the internet use, hours of television viewing, changes
in duration of television viewing, coffee consumption,
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change in coffee consumption, quality variation of nutri-
tion, variation of meal regularity, smoking, variation of
smoking habit, times a day to research information about
on COVID-19, times a day to go outside, perceived reduc-
tion of noise pollution, and COVID-19 infection.

The sleep data were the Pittsburgh Sleep Quality Index
score (PSQI, used to evaluate sleep quality, the score
ranges from 0 to 21, a higher score is associated with a
worse condition), perceived variation of sleep quality,
change in sleep duration (sleep duration defined as hours
of actual sleep), and variation of sleep latency (sleep
latency defined as the period from lights out to sleep
onset).

The following migraine information was evaluated:
migraine familiarity, anti-migraine drug overuse history,
migraine with aura, age of onset, age of migraine chroni-
fication, and discontinuation of the therapy performed
within the headache center (botulinum toxin or monoclo-
nal antibodies) due to lockdown.

Regarding psychological status, the following data
were analyzed: Beck Depression Inventory score (BDI,
measures the severity of depression, score ranges from
0 to 63, a higher score is associated with a worse condi-
tion), State-Trait Anxiety Inventory score (STAI, evaluates
anxiety through two different scores, one for the trait anxi-
ety, one for the state anxiety, each one ranges from 20 to
80 and a higher score is associated with a higher anxiety
level), variation in perceived anxiety/depression, perceived
stress scale score (PSS, asses perceived stress, it ranges
from O to 40 and a higher score is associated with higher
stress perception), variation in perceived stress, concern
for the future during lockdown, variation of concern for
the future, and concern for COVID-19.

Study outcomes

Every included variable was referred to the following
outcomes:

e Sleep quality measured by PSQI

e Perceived variation of sleep quality
e Change in sleep duration

e Variation of sleep latency

Ethics

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki. Ethics approval was
obtained from the local institutional review board and
written informed consent was obtained from patients.
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Statistical analysis

All statistical analyses were performed using R software.
Continuous variables were expressed as mean + standard
deviation; categorical variables were expressed as absolute
frequencies and percentages. Continuous variables were ana-
lyzed by the Shapiro—Wilk test to evaluate normal distribution.
Mann—Whitney U or Student’s t-test for independent samples
was used for comparison between categorical variables with
two levels and continuous variables as appropriate. ANOVA
test or Kruskal-Wallis test was used for comparison between
categorical variables with>2 levels and continuous vari-
ables on the basis of normal distribution. The chi-square test
was used for comparison between categorical variables. The
method of partitioning the degrees of freedom was applied to
refuse HO hypothesis as appropriate. Spearman’s rank or Pear-
son’s correlation coefficient was used for comparison between
continuous variables as appropriate.

The multivariate analysis was performed using multiple
linear regression or the binomial logistic regression model as
appropriate. Regarding perceived variation of sleep quality,
we built two different models. In the first model, “improved”
and “no change” categories were unified; in the second
model, “worsened” and “no change” categories were uni-
fied. Regarding the variation of sleep time duration and the
variation of sleep latency, we also created two models. In one
model, “reduction” and “no variation” groups were unified;
in another model, “increase” and “no variation” groups were
joined together. We built these models in order to perform the
logistic regression analyses. A value of P <0.05 was consid-
ered significant.

Results

Ninety-two patients suffering from chronic migraine were
included in the present study. The mean age was 42.2 years;
42.2% of patients were <40 years old. 85.9% of migraineurs
were female. The mean PSQI was 11.96 during the lockdown.
Sleep quality between the previous month and lockdown was
improved in 14.1%, stable in 47.8%, and worsened in 38.0%.
Sleep latency was reduced in 5.4%, stable in 46.7%, and
increased in 47.8%. Sleep time was reduced in 29.3%, stable
in 34.8%, and increased in 35.9%. Sleep data are reported in
Table 1 and Fig. 1. Demographic, life-style, migraine, and psy-
chological data are reported in Tables 2 and 3.

Influences of demographic, life-style, psychological,
and migraine features on sleep

PsQl

A higher PSQI was associated with a smaller house size, a
lower ratio of house size/number of people, home-inhabitant

Table 1 Sleep related data

Mean SD
PSQI 11,96 +5,85
N %
Sleep quality
No variation 44 (47.8)
Worsening 35 (38,0)
Improvement 13 (14,1)
Sleep duration
No variation 32 (34,8)
Reduction 27 (29,3)
Increase 33 (35,9)
Sleep latency
No variation 43 (46,7)
Reduction 5 5.4
Increase 44 (47,8)

SD Standard deviation; PSQI Pittsburgh Sleep Quality Index

relationship quality, unemployment, continuing to work or
study during lockdown, meal regularity changes, migraine
with aura, depression, anxiety/depression increase, higher
STAI-S score, higher STAI-T score, higher PSS score, stress
increase, higher future concern, and increase in concern for
the future (Table 4).

On multivariate analysis, only ratio of house size/num-
ber of people, STAI-S score, and increase in future concern
remained significant.

Variation of sleep quality

The variation of sleep quality was related with rent/mort-
gage, home-inhabitant relationship, work/study during
lockdown, computers hours, smartphone hours, meal qual-
ity, BDI, anxiety/depression variation, PSS, and perceived
stress variation (Table 5).

Multivariate analysis showed that:

— sleep quality increase was related with very good home-
inhabitant relationship and lower stress levels.

— sleep quality reduction was associated with work/study
during lockdown, five or more hours on computer, and
increased anxiety/depression.

Change in sleep duration

The change in sleep duration was associated with age, edu-
cational levels, stop working/studying during lockdown, job
loss, number of computer hours, changes in computer hours,
number of smartphone hours, variation in smartphone hours,
number of internet hours, internet hours variation, change
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SLEEP QUALITY

M no variation
B worsening

B improvement

SLEEP DURATION

M no variation
M reduction

M increase

SLEEP LATENCY

M no variation
M reduction

M increase

Fig.1 Sleep changes in chronic migraine during lockdown

in television hours, changes in coffee consumption, meal
quality change, time to focus on COVID-19 news, age of
migraine chronification, PSS, perceived stress variation, and
change in concern for the future (Table 5).

Multivariate analysis confirmed that:

— an increased sleep time was related with younger age,
stop to work/study during lockdown, an increase in tel-
evision hours, and no variation/reduction in concern for
the future.

@ Springer

— areduction in sleep time was linked with no job loss, five
or more hours on computer, an increase in internet hours,
and high-moderate PSS score.

Variation of sleep latency

The variation of sleep latency was associated with COVID-

19 prevalence in patients’ province, remote working, com-

puter hours, meal quality, and smoke variation (Table 5).
Multivariate analysis showed that:

— an increased latency was linked with low COVID-19
prevalence and a change in meal quality.

— areduced latency was linked with remote working and
increased smoking.

Discussion

Our patients presented globally a poor sleep quality during
the lockdown as indicated by the high PSQI score. These
data confirmed the close association of migraine with
sleep, also in this peculiar period. The most respondents
(47.8%) reported no sleep quality change but a consist-
ent group (38.0%) presented a worsening, whereas 14.1%
showed an improvement. Regarding the sleep latency, the
most migraineurs (47.8%) had a time increment, a con-
sistent group (46.7%) reported no changes, and only 5.4%
experienced a reduction. The sleep time changes were
more homogenous: 35.9% reported an increase, 34.8% no
variations, and 29.3% a reduction. Several other studies
investigated sleep features in migraineurs during COVID-
19 lockdown. Smith et al. showed that patients suffering
from migraine were more likely than non-migraine peers to
have new or worsening sleep problems (48.5% vs 31.2%),
and the younger people were more at risk [6]. In Al-Hashel
and Ismail survey, 78.1% of the migraineurs reported sleep
disturbance during the lockdown [9]. Munoz-Ceron et al.
observed that sleep disturbances increased from 53.87 to
87.3% between lockdown week 0 and week 12 [13]. Di
Stefano et al. showed a global worsening of sleep quality,
evaluated using the Insomnia Severity Index: migraineurs
had a pre-lockdown score of 7 and a lockdown score of
8 [8]. In Japanese migraineurs, a sleep quality worsening
was also reported, although it was lower than other studies
[7]. Gonzalez-Martinez et al. reported that 80.6% of their
patients experienced a sleep change and insomnia increased
from 48.6 to 70.3% between pre-lockdown and lockdown
period [11]. Delussi et al. showed a sleep quality improve-
ment in 36.3% of their migraineurs, a worsening in 10.4%,
and no change in 52.9%. It is important to highlight that we
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Table 2 Demographic and life-
style data

N (%)
Gender: female 79 (85.9)
Age: <40 years old 39 42.2)
Educational level
Primary/secondary school graduation 25 (27.2)
High school graduation 46 (50)
Degree/post graduate education 21 (22.8)
Unemployment
Yes 32 (34.8)
No 60 (65.2)
Stop working/studying 19 (20.7)
Remote working 20 21.7)
Job loss 8 8.7)
Home size < 100 m? 42 45.7)
Living with other people 83 (90.2)
Ratio of house size/number of people <40 m? per person 58 (63.0)
Computer hours > 5 28 (30.4)
Variation computer hours
No variation 43 46.7)
Fewer 13 (14.1)
More 36 (39.1)
Smartphone hours > 5 23 (25.0)
Variation smartphone hours
No variation 29 (31.5)
Fewer 6 (6.5)
More 57 (62.0)
Internet hours >5 22 (23.9)
Variation internet hours
No variation/fewer 44 (47.8)
More 48 (52.2)
Television hours > 5 13 (14.1)
Variation television hours
No variation/fewer 47 (51.1)
More 45 (48.9)
Meal quality
Same 46 (50.0)
Worsening 26 (28.3)
Improvement 20 (21.7)
Meal regularity
Same 54 (58.7)
Worsening 21 (22.8)
Improvement 17 (18.5)
Smoking 22 (23.9)
Smoking variation
No variation/reduction 77 (83.7)
Increase 15 (16.3)
Coffee cups per day
No 23 (25.0)
<2 39 (42.4)
>3 30 (32.6)
Coffee consume variation
No variation 67 (72.8)
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Table 2 (continued)

N (%)
Less 11 (12.0)
More 14 (15.0)
Sons/daughters
No sons/daughters 45 (48.9)
Sons/daughters < 18 years 20 21.7)
Rent/mortgage 30 (32.6)
Home-inhabitant relationship
Good 41 (44.6)
Very good 39 42.4)
No good 12 (13.0)
Living with parents 25 (27.2)
Time to focus on the news about COVID-19 > 2 times a day 35 (38.0)
COVID-19 prevalence in the province > 0.0632 cases per population 58 (63.0)
COVID-19 infection 0 (00.0)
Going out during the lockdown
Never 26 (28.3)
1-2 times a day 52 (56.5)
3 or more times a day 14 (15.2)
Reduction in noise pollution 82 (89.1)

observed a lower improvement rate and a higher percentage
of worsening than Delussi et al. The same difference was
reported for migraine changes between their study and our
previous work [10]. These diverse trends could be explained
through the different interview time. Our survey was started
on April 24th and was closed on May 3rd, and theirs between
March 27th and April 18th. Delussi et al. attributed migraine
improvement to patients’ resilience [21] that could have also
led to sleep improvement. This resilience could have been
eroded by time, justifying the difference between our and
their results. Another substantial difference was that our
patients were all chronic migraineurs, whereas most patients
of Delussi et al. suffered from episodic migraine: the chronic
migraineurs represented a frailer population and they had an
increased sleep vulnerability [2].

In the present study, sleep quality and sleep changes were
associated with several elements: from age to work, from
life-style to psychological features.

A younger age was associated with an increased sleep
time. The same association was seen in another study on
general population in Argentina during the lockdown [14].
This element is in line with the natural tendency of young
people to sleep more hours [15]. They took advantage of the
lockdown to adjust their sleep habits according to their bio-
logical need. Lockdown probably represented an opportunity
for many young people to indulge their physiological rhythms
by having to work and study from home or not work at all.

Our study showed that computer and internet use had a
negative impact on sleep: five or more hours on computer
were related with a reduction in sleep time and quality; an
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increase in internet use was linked with a decrease in sleep
time. Salfi et al. showed in the general population during
lockdown that an increased electronic device usage led to a
sleep worsening [16]. These results are in accordance with
a large body of literature that related increased screentime
prior to bedtime with sleep alterations [17-22]. This associa-
tion is probably due to an alteration of melatonin secretion,
sleep displacement, and an excessive exposition to excita-
tory contents. On the other hand, it is interesting to observe
that increased television use was associated with more sleep
hours in our patients. Television is, probably, less interac-
tive than other electronic devices, providing less excitatory
stimuli. Its use could have been a way to get everyone closer
to other family members/home inhabitant during the lock-
down, watching together the same content, compared to a
solitary use of the internet, computer, and smartphone. From
this point of view, an increase in television use could have
been a better coping strategy than an increase in the use of
other electronic devices. Another important observation is
that television is not generally accessible out of the home
and its use could probably have been increased in different
time slots during lockdown compared to smartphone and
computer in our patients. In particular, its increase could
have been mainly in the morning and in the afternoon when
most people are usually out of the home, sparing the night
time devoted to sleep. This difference could also explain
the diverse sleep impact of television compared to the other
electronic devices.

Regarding job/study, we found that unemployed people
had a higher rate of sleep quality reduction, and migraineurs
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Table 3 Migraine and psychological-related data

N (%)
Migraine
Familiarity 74 (80.4)
Age of onset< 18 years 61 (66.3)
Age of chronification
<18 years 25 (27.2)
18-30 years 38 41.3)
>31 years 29 31.5)
Aura 8 8.7
Migraine drug overuse 74 (80.4)
Discontinuation of therapy performed within 13 (14.1)
center

Psychological aspect
State anxiety (STAI-S)

Average anxiety (41-60) 50 (54.3)
Above average anxiety (61-100) 23 (25.0)
Below average anxiety (0—40) 19 (20.7)
Trait anxiety (STAI-T)

Average anxiety (41-60) 46 (50)
Above average anxiety (61-100) 17 (18.5)
Below average anxiety (0—40) 29 (31.5)
Depression (BDI)

Average (0-13) 59 (64.1)
Moderate (14-28) 24 (26.1)
Severe (29-63) 9 9.8)
Anxiety/depression variation

No variation 51 (55.4)
Reduction 9 9.8)
Increase 32 (34.8)
Future concern

No or low 14 (15.2)
Medium 45 (48.9)
High 33 (35.9)
Future concern increase 54 (58.7)
COVID-19 concern 76 (82.6)
Perceived stress (PSS)

Low 14 (15.2)
Moderate 57 (62.0)
High 21 (22.8)
Stress variation

No variation 34 (37.0)
Reduction 13 (14.1)
Increase 45 (48.9)

STAI-S, State-Trait Anxiety Inventory-State; STAI-T, State-Trait Anxi-
ety Inventory-Trait; BDI, Beck Depression Inventory; PSS, perceived
stress scale

who stopped working/studying or lost their job during lock-
down had the tendency to sleep more hours. The unemployed
had a bad sleep quality, probably because they were more
afraid of their economic condition and future, and a bad rest

quality coupled with more free time led to sleep more. These
data were in line with studies on the general population dur-
ing lockdown that showed the unemployed were frequently
poor sleepers [23, 24]. It is interesting to observe that remote
working was associated with sleep latency reduction in our
study. We previously described migraine benefit due to
remote working [10]. Also in this case, the improvement
could be explained through a better management of the time
and the work with a habit reshaping that allow these workers
to be more relaxed at bedtime. Our data diverged from Cel-
lini et al. results on the general population that showed an
increased latency in remote workers between pre-lockdown
and lockdown period with a significant difference in the
Italian but not in the Belgian group [25]. Another study on
the general population observed that remote working was
associated with a lower sleep latency compared to classical
workers and the unemployed but without a significant value
[26]. We found this association, probably because chronic
migraineurs represented a vulnerable part of workers that
could take more advantage of a work reorganization and a
more autonomous management.

Stress, depression, and anxiety had significant impact on our
patients’ sleep, highlighting a well-known association that was
extensively studied in the general population during the lock-
down [27]. Regarding anxiety, the sleep worsening was linked
with state anxiety rather than trait anxiety. In the same way, there
was an association with an increase in concern for the future,
highlighting the deep psychological wound due to lockdown and
pandemic. It is important to pinpoint that psychological features,
sleep, and migraine are always strongly interconnected [2]. Psy-
chological aspect should always be investigated and treated in
migraineurs, especially in this particular period. A collaboration
with professionals, such as psychologists and psychiatrists, could
be useful in order to improve patients’ quality of life.

An important food for thought is offered by home-inhab-
itant relationship and ratio of house size/number of people.
Migraineurs with a very good home-inhabitant relationship had
an increased possibility of sleep quality improvement, underlin-
ing the importance of family support in lockdown. In the gen-
eral population, Varma et al. and Xiao et al. showed how sleep
quality was linked with loneliness and social capital (concept
including social trust, belonging, and participation) [24, 28]. On
the other hand, a low ratio of house size/number of people in our
study was related with poor sleep quality, probably because hav-
ing a small space to share with the other family members created
more stressful conditions and problems with sleep repercussion.
Furthermore, night noises could be more frequent, more easily
perceived in a small space with many people and they could
disturb home inhabitants’ sleep.

We also found a link between a lower COVID-19 prevalence
and an increased sleep latency: it could be justified through an
increased stress and aversion to lockdown that was seen as an
excessive measure leading only economic and social damage in
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Table 4 Analysis of factors associated with PSQI

PSQI P value

(mean +SD)

Age <40 years 11.18 +£4.96 0.289
>40 years 12.51+6.40

Gender Female 12.23+5.81 0.258
Male 10.17+6.06

Educational level Primary/secondary school graduation 13.04 £ 6.66 0.540
High school graduation 11.74+5.84
Degree/post graduate education 11.19+4.91

Sons/daughters None 10.75+4.99 0.057
1 or more 13.09 +6.40

Sons/daughters age No sons/daughters 10.75 +4.99 0.135
At last 1 sons/daughters <18 13.70+6.53
Only sons/daughters > 18 12.63+6.38

COVID-19 prevalence in patients’ province (% cases per population) <0.0632 12.45+6.08 0.543
>0.0632 11.67+5.75

House size (square meters) <100 13.36+5.72 0.034
>100 10.76 +5.74

Rent/mortgage No 11.44+5.69 0.234
Yes 13.00+6.11

Living with other people No 10.00+3.74 0.293
Yes 12.17+£6.01

Ratio of house size/number of people (square meters per person) <40 13.23+6.18 0.007
>40 9.82+4.58

Living with parents No 12.30+6.05 0.353
Yes 11.00+5.26

Home-inhabitant relationship No good 11.00+4.24 0.016
Good 13.90+6.18
Very good 10.26+5.42

Unemployment No 13.78+5.24 0.028
Yes 10.97 +5.96

Stop working/studying No 12.67+6.04 0.023
Yes 9.26+4.17

Remote working No 12.19+5.87 0.452
Yes 11.05+5.83

Job loss No 12.11+5.97 0.426
Yes 10.38 +4.31

Computer hours <5 11.42+5.69 0.181
>5 13.22+6.13

Computer hours variation No variation 11.19+6.21 0.445
Fewer 13.31+6.22
More 12.40+5.25

Smartphone hours <5 11.78+5.99 0.619
>5 12.50+5.47

Smartphone hours variation No variation 12.45+7.12 0.767
Fewer 12.83+4.45
More 11.61+5.29

Internet hours <5 11.66+5.93 0.376
>5 12.95+5.60

Internet hours variation No variation or fewer 12.43+6.29 0.456
More 11.51+543
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Table 4 (continued)

PSQI P value
(mean +SD)
Television hours <5 12.21+5.80 0.322
>5 10.46+6.12
Television hours variation No variation or fewer 11.85+5.87 0.860
More 12.07+5.89
Coffee (cups per day) No 10.48+5.10 0.196
<2 11.74+6.07
>2 13.37+5.97
Coffee consume variation No variation 11.91+5.95 0.939
Less 11.64 +£6.25
More 12.43+5.45
Meal quality Same 10.80+6.01 0.105
Worsening 13.85+5.92
Improvement 12.10+4.91
Meal regularity Same 10.60+5.93 0.031
Worsening 13.95+6.02
Improvement 13.71+4.28
Smoking No 11.55+5.82 0.244
Yes 13.23+5.87
Smoking variation No variation or reduction 11.62+5.78 0.217
More 13.67+6.10
Time to focus on the news about COVID-19 (a day) <2 11.19+5.79 0.107
>2 13.24+5.81
Going out during quarantine Never 11.80+5.67 0.284
<2 times a day 11.42+5.69
>3 times a day 14.21+6.61
Noise pollution reduction No 13.80+5.73 0.293
Yes 11.73+5.86
Migraine family history No 10.17+5.10 0.148
Yes 12.40+5.97
Migraine drug overuse No 10.44 +4.66 0.223
Yes 12.33+6.08
Aura No 11.55+5.77 0.034
Yes 16.13+5.33
Age of migraine onset (years) <18 11.57+5.84 0.380
>18 12.71+5.88
Age of migraine chronification (years) <18 12.13+5.83 0.789
19-30 11.47+6.08
>31 12.45+5.70
Discontinuation of therapy performed within center No 11.93+6.13 0.98
Yes 12.07+5.13
Depression (BDI) Average (0-13) 9.93+5.41 0.001
Moderate (14-28) 15.58+5.15
Severe (29-63) 15.33+4.24
Anxiety/depression variation No variation 10.51+6.03 0.011
Reduction 11.56+6.73
Increase 14.45+4.46
Stata anxiety (STAI-S) Below average anxiety (0-39) 6.26+4.17 0.001
Average anxiety (40-60) 12.34+5.24
Above average anxiety (61-100) 16.00 +4.57
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Table 4 (continued)

PSQI P value
(mean +SD)
Trait anxiety (STAI-T) Below average anxiety (0-39) 8.55+5.28 0.001
Average anxiety (40-60) 13.18+5.73
Above average anxiety (61-100) 14.53 +4.60
Perceived stress (PSS) Low 8.07+£6.32 0.004
Moderate 11.96 +5.50
High 14.65+5.17
Perceived stress variation No variation 10.51+6.03 0.011
Reduction 11.56+6.73
Increase 14.45+4.46
Future concern No or low 5.57+2.53 0.001
Medium 12.53+5.64
High 13.94+5.34
Future concern variation No variation or reduction 10.03+5.48 0.007
Increase 13.34+5.76
COVID-19 concern No 13.06+5.86 0.408
Yes 11.72+5.86

SD, standard deviation; HIT-6, six-item headache impact test; STAI-S, State-Trait Anxiety Inventory-State; STAI-T, State-Trait Anxiety Inventory-
Trait; BDI, Beck Depression Inventory; PSS, perceived stress scale; PSQI, Pittsburgh Sleep Quality Index

these areas. Salfi et al. had already reported that living in south-
ern Italy was a predictor of sleep disturbance and this area was
less affected by COVID-19 pandemic during the first lockdown
whereas it was severely affected by economic crisis [23].

Regarding nutrition and smoking, our study highlighted
two peculiar associations. Increased smoking was related
with a reduction in sleep latency. Smoking is a well-known
factor associated with sleep disturbances [29] but smoking
more cigarettes probably constituted a valid coping strategy,
allowing smokers to relieve stress in lockdown. Concern-
ing nutrition, our results pointed out that migraineurs who
maintained their meal quality had more chance of improv-
ing or preserving their sleep latency, suggesting a benefit
in patients who had a stable nutrition in spite of the social
earthquake due to lockdown.

Our study offered a cross-section of sleep in migraineurs
during COVID-19 lockdown, pinpointing in particular the
influence of life-style and psychological aspects. Some stud-
ies showed how cognitive-behavioral therapy for sleep dis-
orders can improve both insomnia and migraine [2, 30-32].
This evidence and our results suggested that little changes in
life-style habits and mental approach can have an important
influence on sleep and migraine. There are many modifiable
factors that should be taken into account and be object to
specific treatment in a multidisciplinary context in order to
improve life quality in migraineurs.

The present study has several limitations. The first limita-
tion is the small number of patients. Second, cross-sectional
design enabled us to relate sleep with several elements,

@ Springer

without allowing us to determine the direction of many
cause-effect relationships, but manifold associations were
probably bidirectional (e.g., high stress could be a cause
but also a consequence of sleep alteration). Third, a selec-
tion bias could be represented by non-response to the web
survey. Fourth, we do not have standardized data in the pre-
lockdown period, and we are based on patients’ perception
and reporting. Fifth, many evaluated outcomes and variables
have subjective characteristics and are prone to determine
bias. In particular, some sleep parameters (latency, sleep
time) could only be perceived as altered by the patients.
Sixth, we did not specifically evaluate irregularities in circa-
dian rhythms that may have played an important role in our
patients during the lockdown. Lastly, the study in a single
center may have affected the selection of patients.

Conclusions

The present study analyzed sleep features of chronic
migraineurs during the first COVID-19 lockdown, pin-
pointing the main factors involved in sleep quality and
sleep changes in this particular period. We found associa-
tions with several elements: from stress and depression to
home-inhabitant relationship, from screentime exposure
and remote working to nutrition and smoking habits. Our
findings revealed that migraineurs’ sleep is closely linked
with life-style and psychological features: there are several
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modifiable factors that should be considered in order to
develop an optimal management of patients suffering from
migraine. An appropriate and more aware treatment of sleep
problems could be a way to improve migraineurs’ quality
of life.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10072-022-06378-0.
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